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PURPOSE: To accurately make a reticle coordinate 
system correspond to a wafer coordinate system by 
reducing influence of a lithographic error of a reticle 
when it is exposed by a slit scanning system. 
CONSTITUTION: Two rows of alignment mark images 
29AW-29DW and 30AW-30DW are projected on a 
projected image 12W of a reticle in a scanning direction, 
and two rows of reference marks 35A-35D and 36A-36D 
are formed as well on a reference mark plate 6 of the 
wafer stage side in the scanning direction. The reticle 
and the plate 6 are moved in the scanning direction, an 
error of the images 29AW, 30AW and the marks 35A, 
36A is obtained by a reticle alignment microscope, an 
error of the other image and the reference mark is 
similarly obtained, these errors are corrected by a measuring error of a coordinate measuring 
system, thereby obtaining a conversion parameter between a reticle coordinate system and a 
wafer coordinate system. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate Two or more marks for measurement are formed towards said relative scan on said 
mask. The reference mark member by which two or more reference marks were formed in these two or 
more marks for measurement and a location [****/ almost ] is arranged on said stage. Said mask and 
said substrate are moved synchronizing with the direction of said relative scan. Sequential measurement 
of the amount of location gaps of one mark for measurement in two or more marks for measurement on 
said mask and the reference mark to which it corresponds on said stage is carried out. The projection 
exposure approach characterized by asking for the correspondence relation between the system of 
coordinates on said mask, and the system of coordinates on said stage from each amount of location gaps 
of said two or more marks for measurement and said two or more reference marks. 

[Claim 2] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate The alignment system of the off-axis method for detecting the location of the mark for 
positioning on said substrate near said projection optics is arranged. Two or more marks for 
measurement are formed towards said relative scan on said mask. The reference mark member in which 
the 1st and 2nd reference marks were formed at spacing corresponding to spacing of the reference point 
in the exposure field of said projection optics and the reference point of the alignment system of said off- 
axis method is arranged on said stage. Where said 2nd reference mark on said criteria member is 
observed by the alignment system of said off-axis method Move said mask towards said relative scan, 
and sequential measurement of the amount of location gaps of one mark for measurement in two or more 
marks for measurement on said mask and said 1st reference mark on said stage is carried out. From the 
amount of location gaps of said 2nd reference mark observed by the average of each amount of location 
gaps of said two or more marks for measurement and said 1st reference mark, and the alignment system 
of said off-axis method The projection exposure approach characterized by asking for spacing of the 
reference point in the exposure field of said projection optics, and the reference point of the alignment 
system of said off-axis method. 

[Claim 3] While making it correspond to two or more marks for measurement on said mask and forming 
two or more said 1st reference mark on said reference mark member Two or more said 2nd reference 
mark is formed from these two or more 1st reference marks at spacing corresponding to spacing of the 
reference point in the exposure field of said projection optics, and the reference point of the alignment 
system of said off-axis method, respectively. Said mask and said stage are moved synchronizing with the 
direction of said relative scan. While carrying out sequential measurement of the amount of location 
gaps of one mark for measurement in two or more marks for measurement on said mask, and said 1st 
reference mark to which it corresponds on said stage The reference mark to which it corresponds of said 
two or more 2nd reference marks by the alignment system of said off-axis method is observed. From the 
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average of the amount of location gaps of two or more of said 2nd reference marks observed by the 
average of each amount of location gaps of said two or more marks for measurement and said two or 
more 1st reference marks, and the alignment system of said off-axis method The projection exposure 
approach according to claim 2 characterized by asking for spacing of the reference point in the exposure 
field of said projection optics, and the reference point of the alignment system of said off-axis method. 
[Claim 4] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate Two or more marks for measurement are formed towards said relative scan on said 
mask. The reference mark member by which two or more reference marks were formed in these two or 
more marks for measurement and a location [****/ almost ] is arranged on said stage. Said mask and 
said substrate are moved synchronizing with the direction of said relative scan. Sequential measurement 
of the amount of location gaps of one mark for measurement in two or more marks for measurement on 
said mask and the reference mark to which it corresponds on said stage is carried out. The 1st process 
which calculates each amount of location gaps of said mark for measurement and said reference mark; 
The amount of location gaps of one mark for measurement predetermined [ of two or more marks for 
measurement on said mask ] and the reference mark to which it corresponds on said stage is measured 
only once. The 2nd process which calculates the amount of location gaps of said mark for measurement 
and said reference mark; One of said 1st process and said 2nd process is chosen. The projection 
exposure approach characterized by having the 3rd process which asks for the correspondence relation 
between the system of coordinates on said mask, and the system of coordinates on said stage based on 
each amount of location gaps of the mark for [ with which it asked at the selected process ] said 
measurement, and said reference mark, and;. 

[Claim 5] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate The alignment system of the off-axis method for detecting the location of the mark for 
positioning on said substrate near said projection optics is arranged. Two or more marks for 
measurement are formed towards said relative scan on said mask. The reference mark member by which 
two or more reference marks were formed in these two or more marks for measurement and a location 
[****/ almost ] is arranged on said stage. These two or more reference marks consist of the 1st and 2nd 
reference marks arranged at spacing corresponding to spacing of the reference point of said projection 
optics, and the reference point of the alignment system of said off-axis method. Where said 2nd 
reference mark on said reference mark member is observed by the alignment system of said off-axis 
method Said mask is moved towards said relative scan. The 1st process which carries out sequential 
measurement of the amount of location gaps of one mark for measurement in two or more marks for 
measurement on said mask, and said 1 st reference mark; where said 2nd reference mark on said 
reference mark member is observed by the alignment system of said off-axis method The 2nd process 
which measures the amount of location gaps of one predetermined mark for measurement in two or more 
marks for measurement on said mask, and said 1 st reference mark; It is as a result of [ in the 3rd process 
which chooses one of said 1st process and said 2nd process, and the process chosen at the; this 3rd 
process ] measurement. From each amount of location gaps of said mark for measurement and said 
reference mark, and the amount of location gaps of said 2nd reference mark observed by the alignment 
system of said off-axis method The projection exposure approach characterized by having the 4th 
process which asks for spacing of the correspondence relation between the system of coordinates on said 
mask, and the system of coordinates on said stage, and the reference point in the exposure field of said 
projection optics and the reference point of the alignment system of said off-axis method, and;. 
[Claim 6] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
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on said substrate The alignment system of the off-axis method for detecting the location of the mark for 
positioning on said substrate near said projection optics is arranged. Two or more marks for 
measurement are formed towards said relative scan on said mask. The reference mark member by which 
two or more reference marks were formed in these two or more marks for measurement and a location 
[****/ almost ] is arranged on said stage. These two or more reference marks consist of the 1st and 2nd 
reference marks formed at spacing corresponding to spacing of the reference point of said projection 
optics, and the reference point of the alignment system of said off-axis method. Whenever it carries out 
predetermined number-of-sheets exchange of said substrate, where said 2nd reference mark on said 
reference mark member is observed by the alignment system of said off-axis method The amount of 
location gaps of one predetermined mark for measurement in two or more marks for measurement on 
said mask and said 1st corresponding reference mark is measured. From the measured this amount of 
location gaps, and the amount of location gaps of said 2nd reference mark observed by the alignment 
system of said off-axis method, the correspondence relation between the system of coordinates on said 
mask, and the system of coordinates on said stage, The projection exposure approach characterized by 
asking for spacing of the reference point in the exposure field of said projection optics, and the reference 
point of the alignment system of said off-axis method. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the projection aligner of for example, a slit scan 

exposure method, and relates to the suitable projection exposure approach. 

[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display component, or the 
thin film magnetic head is manufactured at a photolithography process, the projection aligner which 
imprints a photo mask or the pattern of a reticle (it is hereafter named a "reticle" genetically) on the 
substrates (a wafer, glass plate, etc.) with which it was applied to sensitization material is used. As a 
conventional projection aligner, each shot field of a wafer was moved into the exposure field of 
projection optics one by one, and many contraction projection mold aligners (stepper) of the step-and- 
repeat method of exposing the pattern image of a reticle one by one to each shot field were used. 
[0003] Drawing 18 shows the conventional stepper's important section, a wafer 5 is laid on the wafer 
stage 4 in this drawing 18 , and the reference mark plate 57 is being fixed on the wafer stage 4 near this 
wafer 5. And projection exposure of the image of the pattern on a reticle 12 is carried out to each shot 
field on a wafer 5 through projection optics 8 under the exposure light from the illumination-light study 
system by which the illustration abbreviation was carried out. Under the present circumstances, since the 
wafer stage 4 is driven along with wafer system of coordinates, it is necessary to measure the angle of 
rotation over the location on the wafer system of coordinates of a reticle 12, and the wafer system of 
coordinates of a reticle 12. Therefore, two alignment marks (reticle mark) 60R and 61 R are formed so 
that it may counter near the pattern space of a reticle 12, and on the reference mark plate 57, two 
reference marks 60F and 61 F are formed at spacing equal to spacing on the design on the wafer 5 of 
these reticle marks 60R and 61R. 

[0004] Moreover, on the reticle marks 60R and 61 R of a reticle 12, the reticle alignment microscopes 58 
and 59 are arranged, respectively. The reticle alignment microscopes 58 and 59 are equipped with the 
sensor which can observe to coincidence the source of the illumination light which injects the alignment 
light of the same wavelength as exposure light, respectively, the reticle mark on a reticle 12, the 
alignment mark on a wafer 5 (wafer mark), or the reference mark on the reference mark plate 57. In case 
exposure to a wafer 5 is performed by the stepper of drawing 18 , the image of the pattern on a reticle 12 
is exposed by each shot field of a wafer 5, respectively by moving by the step-and-repeat method one by 
one only on the wafer stage 4. 

[0005] In this stepper, in exposing the pattern image of a reticle 12 further on the circuit pattern on the 
wafer 5 formed at the last process, there is the need of taking correspondence with the wafer system of 
coordinates which specify the coordinate of each shot field on a wafer 5, and the reticle system of 
coordinates which specify the coordinate of the pattern on a reticle 12 (that is, alignment being 
performed). In the case of the stepper, the one-shot area size on the exposure field of projection optics 8 
and a wafer 5 was equal, since it was not necessary to drive a reticle 12 in case it exposes, it is the 
following, and correspondence of wafer system of coordinates and reticle system of coordinates had 
been made and taken. 

[0006] That is, after driving the wafer stage 4 and moving the reference mark plate 57 into the exposure 
field of projection optics 8, one reticle alignment microscope 58 detected the amount of location gaps of 
reticle mark 60R and reference mark 60F, under the reticle alignment microscope 59 of another side, the 
amount of location gaps of reticle mark 61R and reference mark 61 F was detected, and the location of 
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the pattern of the reticle 12 on wafer system of coordinates was calculated from the amount of these 
locations gaps. Furthermore, the angle of rotation of the reticle 12 on wafer system of coordinates was 
measured by moving reference mark 60F to the location of reference mark 6 IF, and detecting the 
amount of location gaps of reticle mark 61 R and reference mark 60F under the reticle alignment 
microscope 59. And finally matching with wafer system of coordinates and reticle system of coordinates 
was performed by rotating a reticle 12 or the wafer stage 4, and amending the angle of rotation. 
[0007] Moreover, in drawing 18 , in order to detect the location of each alignment mark (wafer mark) 
formed corresponding to each shot field on a wafer 5, the alignment microscope 34 of an off-axis 
method is formed in the lateral portion of projection optics 8. In this case, based on the location of the 
wafer mark detected under this alignment microscope 34, the shot field on the corresponding wafer 5 is 
set up in the exposure field of projection optics 8. Therefore, it is necessary to calculate the so-called 
amount of base lines which is spacing of the reference point in the exposure field of projection optics 8 
(for example, exposure core), and the reference point 62 of the observation field of the alignment 
microscope 34 of an off- axis method beforehand. 

[0008] In the conventional stepper, when measuring such an amount of base lines, after measuring the 
amount of location gaps with the conjugate image of the reticle marks 60R and 61 R and reference marks 
60F and 6 IF, only the amount equal to the design value of the amount of base lines moved the wafer 
stage 4, and was measuring the amount of location gaps with the reference mark to which it corresponds 
on the reference point 62 and reference mark plate 57 under the alignment microscope 34. The amount 
of base lines was calculated from those amounts of location gaps. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the pattern has made it detailed in a semiconductor 
device etc. in recent years, heightening the resolution of projection optics is called for. Although there is 
technique, such as short-wavelength-izing of the wavelength of exposure light or increase of the 
numerical aperture of projection optics, among the technique for heightening resolution, if it is going to 
secure the exposure field of same extent as the conventional example even when using which technique, 
it will become difficult to maintain image formation engine performance (distortion, curvature of field, 
etc.) for a predetermined precision all over the exposure field. Then, the so-called projection aligner of a 
slit scan exposure method is improved now. 

[0010] In the projection aligner of this slit scan exposure method, the pattern of that reticle is exposed on 
a wafer, synchronizing relatively and scanning a reticle and a wafer to the shape of a rectangle, and the 
lighting field (henceforth a "slit-like lighting field") of circular **. Therefore, if the pattern of the same 
area as a stepper method is exposed on a wafer, by the slit scan exposure method, compared with a 
stepper method, the exposure field of projection optics can be made small, and the precision of the 
image formation engine performance in the exposure field may improve. 

[001 1] Although the mainstream of the magnitude of the conventional reticle was 6 inch size and the 
mainstream of the projection scale factor of projection optics was 1/5 time, the magnitude of the reticle 
in a basis 1/5 time the scale factor of this has stopped moreover, 6 inch size being of use with large area- 
ization of circuit patterns, such as a semiconductor device. Therefore, it is necessary to design the 
projection aligner which changed the projection scale factor of projection optics 1/4 time. And also in 
order to respond to large area-ization of such a transferred pattern, a slit scan exposure method is 
advantageous. 

[0012] In the projection aligner of this slit scan exposure method, when the technique of matching with 
the reticle system of coordinates and wafer system of coordinates which were used by the conventional 
stepper is applied, since the projection scale factor increased 1/4 time, there is un- arranging [ that 
alignment precision deteriorates according to the drawing error of the circuit pattern on a reticle ]. 
Furthermore, in Japanese Patent Application No. No. 169781 [ three to ], the technique which resembles 
measuring the amount of location gaps of two or more marks for measurement to coincidence, and 
measures the angle of rotation of a reticle more is proposed, without moving a wafer stage in a stepper. 
However, the concept of measurement of the angle of rotation by coincidence measurement of two or 
more of these marks for measurement could not be used for the scanning direction of the projection 
aligner of a slit scan exposure method, but there was un-arranging [ that the angle of rotation of reticle 
system of coordinates and wafer system of coordinates and coordinate perpendicularity of these system 
of coordinates could not measure with a sufficient precision ] in it. 

[0013] Moreover, by having applied the measurement approach using one mark (two pieces) on the 
reticle in the conventional stepper to the projection aligner of a slit scan exposure method as it was, there 
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is un-arranging [ of being greatly influenced of the drawing error of a reticle ] about the measurement 
approach of the amount of base lines which is spacing of the criteria location in the exposure field of 
projection optics, and the criteria location of the alignment system of an off-axis method. 
[0014] In view of this point, in the projection aligner of a slit scan exposure method, this invention 
reduces the effect of the drawing error of the pattern on a reticle (mask), and aims at offering the 
projection exposure approach that matching with reticle system of coordinates (mask system of 
coordinates) and wafer system of coordinates (substrate system of coordinates) can be performed 
correctly. Depending on [ accuracy / of the matching ] a process, quick nature may be thought as 
important about this. Then, this invention aims at offering the projection exposure approach of 
performing matching with reticle system of coordinates (mask system of coordinates) and wafer system 
of coordinates (substrate system of coordinates) by the high throughput. 

[0015] Furthermore, in the projection aligner of a slit scan exposure method, this invention reduces the 
effect of the drawing error of the pattern on a reticle (mask), and aims also at offering the projection 
exposure approach which can measure the amount of base lines which is spacing of the origin/datum of 
the exposure field of projection optics, and the origin/datum of the alignment system of an off-axis 
method with high precision. 

[0016] Moreover, whenever it exchanges the wafer of predetermined number of sheets, when 
performing base-line measurement, for example, while greater importance may be attached than to 
correctness to quick nature, it is desirable to perform matching with reticle system of coordinates (mask 
system of coordinates) and wafer system of coordinates (substrate system of coordinates) to coincidence. 
Then, in case this invention measures the amount of base lines for every predetermined wafer turnover 
rate, it aims at offering the projection exposure approach of performing matching with reticle system of 
coordinates (mask system of coordinates) and wafer system of coordinates (substrate system of 
coordinates), and its base-line measurement by the high throughput. 
[0017] 

[Means for Solving the Problem] The 1st projection exposure approach by this invention illuminates the 
lighting field of a predetermined configuration by the illumination light. The pattern image on the mask 
in the lighting field of said predetermined configuration (12) is exposed to the substrate (5) on a stage (4) 
through projection optics (8). By scanning a mask (12) and a substrate (5) synchronously relatively to 
the lighting field of the predetermined configuration In the approach of exposing the pattern image of an 
area larger than the lighting field of the predetermined configuration on a mask (12) on a substrate (5) 
Two or more marks for measurement (29A-29D) are formed towards the relative scan on a mask (12). 
The reference mark member (6) by which two or more reference marks (35A-35D) were formed in the 
mark for measurement of these plurality and the location [ **** / almost ] is arranged on a stage (4). A 
mask (12) and a substrate (5) are moved synchronizing with the direction of the relative scan. Sequential 
measurement of the amount of location gaps with the reference mark (35A, 35B, ..) to which it 
corresponds on one mark for measurement in a mark (29A, 29B, ....) and stage (4) for measurement of 
the plurality on a mask (12) is carried out. It asks for the correspondence relation between the system of 
coordinates on a mask (12), and the system of coordinates on a stage (4) from each amount of location 
gaps of the mark for measurement of these plurality, and the reference mark of these plurality. 
[0018] Moreover, the 2nd projection exposure approach by this invention is set in the same premise 
section as above-mentioned invention. The alignment system (34) of the off-axis method for detecting 
the location of the mark for positioning on a substrate (5) near the projection optics (8) is arranged. Two 
or more marks for measurement (29A-29D) are formed towards the relative scan on a mask (12). The 
reference mark member (6) in which the 1st reference mark (3 5 A) and 2nd reference mark (3 7 A) were 
formed at spacing corresponding to spacing of the reference point in the exposure field of projection 
optics (8) and the reference point of the alignment system (34) of an off-axis method is arranged on a 
stage (4). 

[0019] And where the 2nd reference mark (37A) on a criteria member (6) is observed by the alignment 
system (34) of an off-axis method Move a mask (12) towards said relative scan, and sequential 
measurement of the amount of location gaps with the 1st reference mark (3 5 A) on one mark for 
measurement in a mark (29A, 29B, ....) and stage (4) for measurement of the plurality on a mask (12) is 
carried out. From the amount of location gaps of the 2nd reference mark observed by the average of each 
amount of location gaps of the mark for measurement of these plurality, and these 1st reference marks, 
and the alignment system (34) of an off-axis method It asks for spacing of the reference point in the 
exposure field of projection optics (8), and the reference point of the alignment system (34) of an off- 
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axis method. 

[0020] Moreover, the 3rd projection exposure approach of this invention is set to the 2nd projection 
exposure approach. While making two or more marks for measurement (29A-29D) on a mask (12) 
correspond on a reference mark member (6) and forming two or more (35A-35D) the 1st reference mark 
Two or more (37A-37D) the 2nd reference mark is formed [ from the 1st reference mark (35A-35D) of 
these plurality ] at spacing corresponding to spacing of the reference point in the exposure field of 
projection optics (8), and the reference point of the alignment system (34) of an off-axis method, 
respectively. A mask (12) and a stage (4) are moved synchronizing with the direction of the relative 
scan. While carrying out sequential measurement of the amount of location gaps with the 1st reference 
mark (3 5 A, 35B, ..) to which it corresponds on one mark for measurement in a mark (29A, 29B, ....) and 
stage (4) for measurement of the plurality on a mask (12) The reference mark (37A, 37B, ....) to which it 
corresponds of two or more 2nd reference marks by the alignment system (34) of an off-axis method is 
observed. From the average of the amount of location gaps of the 2nd reference mark of these plurality 
observed by the average of each amount of location gaps of the mark for measurement of these plurality, 
and the 1st reference mark of these plurality, and the alignment system (34) of an off-axis method It asks 
for spacing of the reference point in the exposure field of projection optics (8), and the reference point of 
the alignment system (34) of an off-axis method. 

[0021] Next, the 4th projection exposure approach of this invention is set in the same premise section as 
above-mentioned invention. Like the 1st above-mentioned projection exposure approach A mask (12) 
Two or more upper marks for measurement (29A, 29B, -), and a corresponding reference mark The 1st 
process which calculates each amount of location gaps with (35A, 35B, — ); The amount of location gaps 
of one mark for measurement predetermined [ of two or more marks for measurement on the mask ] 
(29 A) and the reference mark (3 5 A) to which it corresponds on the stage is measured only once. The 
2nd process which calculates the amount of location gaps of the mark for measurement (29 A), and a 
reference mark (3 5 A) in simple; One of the 1st process and its 2nd process is chosen. It has the 3rd 
process and; which ask for the correspondence relation between the system of coordinates on a mask 
(12), and the system of coordinates on a stage (4) based on each amount of location gaps of the mark for 
[ with which it asked at this selected process ] that measurement, and its reference mark. 
[0022] Moreover, the 5th projection exposure approach of this invention is set in the same premise 
section as above-mentioned invention. Like the 2nd above-mentioned projection exposure approach, 
where the 2nd reference mark (37A, 37B, --) on a reference mark member (6) is observed by the 
alignment system of an off-axis method A mask (12) is moved towards the relative scan. A mask (12) 
Two or more upper marks for measurement Where the 2nd reference mark (3 7 A) on a reference mark 
member (6) is observed by the alignment system of the 1st process and; off-axis method which carries 
out sequential measurement of the amount of location gaps of one mark for measurement in (29A, 29B, - 
-), and the 1st reference mark (35 A, 35B, --) A mask ; (12) the 2nd process which measures the 
amount of location gaps of one predetermined mark for measurement in two or more upper marks for 
measurement (29A), and the 1st reference mark (35A) in simple, and; ~ with the 3rd process which 
chooses one of these 1st processes and the 2nd process The amount of location gaps of the mark for 
[ which it is as a result of / in the process chosen at this 3rd process / measurement ] that measurement, 
and its reference mark, From the amount of location gaps of the 2nd reference mark observed by the 
alignment system of the off-axis method, and the correspondence relation between the system of 
coordinates on the mask, and the system of coordinates on the stage, It has the 4th process and; which 
ask for spacing (the amount of base lines) of the origin/datum in the exposure field of the projection 
optics, and the origin/datum of the alignment system of the off-axis method. 

[0023] Moreover, the 6th projection exposure approach of this invention is set in the same premise 
section as above-mentioned invention. The alignment system (34) of the off-axis method for detecting 
the location of the mark for positioning on a substrate (5) near the projection optics (8) is arranged. Two 
or more marks for measurement (29A, 29B, --) are formed towards the relative scan on a mask (12). The 
reference mark member (6) by which two or more reference marks were formed in the mark for 
measurement of these plurality and the location [****/ almost ] is arranged on a stage (4). Whenever 
the reference mark of these plurality consists of the 1st (A [ 35 ],B [ 35 ], -) and 2nd (A [ 37 ],B [ 37 ], - 
-) reference marks formed at spacing corresponding to spacing of the reference point of the projection 
optics, and the reference point of the alignment system of the off-axis method and it carries out 
predetermined number-of-sheets exchange of the substrate (5) Where the 2nd reference mark (37A) on a 
reference mark member (6) is observed by the alignment system of the off-axis method The amount of 
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location gaps of one predetermined mark for measurement (29A) in two or more marks for measurement 
on a mask (12) and the 1st corresponding reference mark (35A) is measured. From the measured amount 
of location gaps, and the amount of location gaps of the 2nd reference mark (37A) observed by the 
alignment system of the off-axis method, thus, the correspondence relation between the system of 
coordinates on the mask, and the system of coordinates on the stage, It asks for spacing (the amount of 
base lines) of the origin/datum in the exposure field of the projection optics, and the origin/datum of the 
alignment system of the off-axis method. 
[0024] 

[Function] In the 1 st projection exposure approach of this this invention, two or more marks for 
measurement are arranged on a mask (12), those marks for measurement and a reference mark [.****/ 
almost ] are arranged on a reference mark member (6), and a location gap of each mark is measured with 
delivery by the stepping method in a mask (12) and a stage (4). And finally according to the location gap 
called for in each location, the effect of the drawing error of the mark for measurement on a mask (12) 
can be small suppressed by asking for the parameter (offset of a scale factor, the scaling of a scanning 
direction, rotation, the parallelism of a scanning direction, the direction of X, and the direction of Y) 
which matches mask system of coordinates and substrate system of coordinates by the least squares 
approximation etc. Moreover, since mark measurement of the direction of a relative scan is performed 
separately one by one, it turns into non-coincidence measurement, but since it measures by two or more 
places, it has the equalization effectiveness and the high precision measurement of it is attained. 
[0025] Moreover, according to the 2nd projection exposure approach, by equalizing the measurement 
result about two or more marks for measurement by the side of a mask (12), effect of the drawing error 
of the mark for measurement of a mask (12) is made small, and the amount of base lines which is 
spacing of the origin/datum of projection optics (8) and the origin/datum of an alignment system (34) 
can be measured correctly. Moreover, while according to the 3rd projection exposure approach making 
two or more marks for measurement (29A-29D) on a mask (12) correspond on a reference mark member 
(6) and forming two or more (35A-35D) the 1st reference mark Since two or more (37A-37D) the 2nd 
reference mark is formed [ from the 1st reference mark (35A-35D) of these plurality ] at spacing 
corresponding to spacing of the reference point in the exposure field of projection optics (8), and the 
reference point of the alignment system (34) of an off-axis method, respectively, Since equalization is 
performed also for a reference mark side, the amount of base lines is measured more by accuracy. 
[0026] Next, according to the 4th projection exposure approach of this invention, when the 2nd process 
is chosen, the amount of location gaps of the mark for measurement (29A) and a reference mark (35A) is 
measured only once, when a high throughput is required, and high degree of accuracy is required, the 
demand to quick nature can also be filled by performing the 1st process. In this case, in the 1st process, 
when it memorizes in quest of the amount of location gaps (this is called a "mark error") from the 
original location of the mark for measurement (29A) further beforehand and the 2nd process is 
performed, the demand of both high throughputs and high degree of accuracy can be met by amending 
that mark error. 

[0027] Similarly, when a high throughput is required according to the 5th projection exposure approach 
Where it chose the 2nd process and the 2nd reference mark (3 7 A) is observed by the alignment system 
(34) When the amount of location gaps of one mark for measurement (29A) and the 1st reference mark 
(3 5 A) is measured only once and high degree of accuracy is required, the demand to quick nature can 
also be filled by performing the 1st process. In this case, in the 1st process, when it memorizes in quest 
of the mark error further beforehand and the 2nd process is performed, the demand of both high 
throughputs and high degree of accuracy can be met by amending that mark error. 
[0028] Moreover, whenever it carries out predetermined number-of-sheets exchange of the substrate (5) 
according to the 6th projection exposure approach (i.e., whenever it exposes to the substrate (5) of 
predetermined number of sheets), where the 2nd reference mark (37A) is observed by the alignment 
system (34) of an off-axis method The amount of location gaps of one mark for measurement (29A) and 
the 1st reference mark (3 5 A) is measured only once, and the correspondence relation and the amount of 
base lines of the system of coordinates on a mask and the system of coordinates on a stage are calculated 
from this measurement result. Therefore, measurement is performed by the high throughput. 
[0029] 

[Example] Hereafter, with reference to a drawing, it explains per 1st example of the projection exposure 
approach by this invention. This example applies this invention, when exposing the pattern of a reticle 
on a wafer with the projection aligner of a slit scan exposure method. Drawing 1 shows the projection 
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aligner of this example, the pattern on a reticle 12 is illuminated by the lighting field (henceforth a "slit- 
like lighting field") of the rectangle by the exposure light EL from the illumination-light study system by 
which the illustration abbreviation was carried out in this drawin g 1 , and projection exposure of the 
image of that pattern is carried out on a wafer 5 through projection optics 8. In this case, synchronizing 
with a reticle 12 being scanned with constant speed V forward to the space of dr awin g 1 , a wafer 5 is 
scanned backward to the space of drawing 1 to the lighting field of the shape of a slit of the exposure 
light EL by constant speed V/M (1/M is the contraction scale factor of projection optics 8). 
[0030] The reticle Y drive stage 10 which can be freely driven to Y shaft orientations (direction 
perpendicular to the space of drawing 1 ) on the reticle susceptor 9 is laid by explaining the drive system 
of a reticle 12 and a wafer 5, the reticle minute drive stage 1 1 is laid on this reticle Y drive stage 10, and 
the reticle 12 is held by the vacuum chuck etc. on the reticle minute drive stage 1 1 . As for the reticle 
minute drive stage 11, only a minute amount performs position control of a reticle 12 to the direction of 
X parallel to space, the direction of Y, and hand of cut (the direction of theta) of drawing 1 with high 
precision in a field perpendicular to the optical axis of projection optics 8, respectively. It always acts as 
the monitor of the location of the direction of X of the reticle minute drive stage 1 1, the direction of Y, 
and the direction of theta with the interferometer 14 which the migration mirror 21 has been arranged on 
the reticle minute drive stage 11, and has been arranged on the reticle susceptor 9. The positional 
information SI acquired by the interferometer 14 is supplied to main control system 22A. 
[0031] On the other hand on the wafer susceptor 1, the wafer Y-axis drive stage 2 which can be freely 
driven to Y shaft orientations is laid, the wafer X-axis drive stage 3 which can be freely driven to X shaft 
orientations is laid on it, Ztheta shaft drive stage 4 is formed on it, and the wafer 5 is held by vacuum 
adsorption on this Ztheta shaft drive stage 4. The migration mirror 7 is fixed also on Ztheta shaft drive 
stage 4, it acts as the monitor of the location of the direction of X of Ztheta shaft drive stage 4, the 
direction of Y, and the direction of theta with the interferometer 13 arranged outside, and the positional 
information acquired by the interferometer 13 is also supplied to main control system 22 A. Main control 
system 22 A controls actuation of the whole equipment while controlling positioning actuation of the 
wafer Y-axis drive stage 2, the wafer X-axis drive stage 3, and Ztheta shaft drive stage 4 through wafer 
driving gear 22B etc. 

[0032] Moreover, although mentioned later, in order to take correspondence of the wafer system of 
coordinates specified by the coordinate measured by the interferometer 13 by the side of a wafer, and the 
reticle system of coordinates specified by the coordinate measured by the interferometer 14 by the side 
of a reticle, the reference mark plate 6 is being fixed near the wafer 5 on Ztheta shaft drive stage 4. On 
this reference mark plate 6, various reference marks are formed like the after-mentioned. The reference 
mark currently illuminated from the background by the illumination light led to Ztheta shaft drive stage 
4 side, i.e., a luminescent reference mark, is in these reference marks. 

[0033] The reticle alignment microscopes 19 and 20 for observing the reference mark on the reference 
mark plate 6 and the mark on a reticle 12 to coincidence are equipped above the reticle 12 of this 
example. In this case, if the deviation mirrors 15 and 16 for leading the detection light from a reticle 12 
to the reticle alignment microscopes 19 and 20, respectively are arranged free [ migration ] and an 
exposure sequence is started, the deviation mirrors 15 and 16 will be evacuated by the mirror driving 
gears 17 and 18 under the command from main control system 22 A, respectively. Furthermore, the 
alignment equipment 34 of the off-axis method for observing the alignment mark on a wafer 5 (wafer 
mark) to the lateral portion of the direction of Y of projection optics 8 is arranged. 
[0034] Moreover, keyboard 22C for inputting the command from an operator is connected to main 
control system 22 A. There is quick mode for measuring the amount of base lines etc. in simple like the 
after-mentioned other than the mode which measures with high precision in the projection aligner of this 
example, and the mode which an operator performs to main control system 22A through keyboard 22C 
after this directs the high precision mode or quick mode. 

[0035] Next, in the projection aligner of this example, it explains with reference to the flow chart of 
drawing 2 per sequence after loading a wafer 5 and a reticle 12 until it ends alignment. In step 101 of 
drawing 2 , PURIARAIMENTO of a reticle 12 is first performed on appearance criteria on a reticle 
loader (after-mentioned). Drawing 3 shows the reticle loader system for conveying a reticle 12 on the 
reticle minute drive stage 1 1 of drawin g 1 , and the reticle loader of this drawing 3 consists of two reticle 
arms 23A and 23B, an arm revolving shaft 25 connected with these reticle arms 23 A and 23B, and a 
rolling mechanism 26 which rotates this arm revolving shaft 25. The slots 24A and 24B for vacuum 
adsorption are formed in the reticle installation side of the reticle arms 23A and 23B, respectively, and 
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the reticle arms 23 A and 23B are supported so that it can rotate independently through the arm revolving 
shaft 25, respectively. 

[0036] At the time of loading of a reticle 12, a reticle 12 is received and passed on reticle arm 23 A from 
other reticle conveyance devices (un-illustrating) by location A3. In this case, reticle arm 23B of another 
side is used for taking out of the reticle used for example, at the last process. Next, after alignment of the 
reticle 12 is carried out to a fixed precision on appearance criteria on reticle arm 23 A by the reticle 
appearance PURIARAIMENTO device (un-illustrating) installed near location A3, vacuum adsorption 
of the reticle 12 is carried out on reticle arm 23 A by it. Next, in step 102 of drawing 2 , a rolling 
mechanism 26 rotates reticle arm 23 A through the arm revolving shaft 25, and moves a reticle 12 to the 
location B3 of the direction (position in readiness of the reticle drive stage 10 of drawing 1 (delivery 
location)) of Y. 

[0037] At this time, slot 24 A for vacuum adsorption is the direction which intersected perpendicularly 
with the adsorption location on the reticle minute drive stage 11, and it is in the condition which moved 
to the tip of the direction of y whose reticle minute drive stage 1 1 is a scanning direction since it was in 
the location besides the pattern space of a reticle 12, and reticle arm 23 A can take a reticle 12 now in and 
out of on the reticle minute drive stage 1 1 freely. If a reticle 12 reaches on the reticle minute drive stage 

1 1 (refer to drawin g 1 ), it will fall in - Z direction, a reticle 12 will be laid in the vacuum adsorption side 
on the reticle minute drive stage 11, and reticle arm 23 A will evacuate the arm revolving shaft 25 after 
the completion of delivery of a reticle 12. Then, the reticle minute drive stage 1 1 conveys a reticle 12 in 
the location C3 direction, and goes to it. In this case, the reticle arms 23 A and 23 B are that drive 
independently, for example, each performs a reticle load and a reticle unload to coincidence, and the 
reticle rate of exchange is improving. 

[0038] Next, although alignment of a reticle 12 is performed at 103 or less step of drawing 2 , it explains 
per the device for it, and actuation. Drawing 4 (a) shows arrangement of the alignment mark on a reticle 

12 (reticle mark), and drawing 4 (b) shows the slit-like lighting ****** 32 grade within the effective 
exposure field of projection optics, and field 33R [ **** ] on a reticle. A direction perpendicular to the 
direction of y is made into x directions by making a scanning direction into the direction of y. In drawin g 
4 (a), the reticle mark which the protection-from-light section 31 is formed in the perimeter of the 
pattern space of the center section on a reticle 12, and is formed in the outside of this protection-from- 
light section 31 is divided into the fine alignment marks 29A-29D, and 30A-30D. [ the alignment marks 

27 and 28 for a rough search, and ] The alignment mark 27 for a rough search by the side of the right- 
hand side is formed along the direction of y which is a scanning direction from a long straight-line-like 
pattern and the cross-joint pattern formed in the both ends of this straight-line-like pattern, and the 
alignment mark 28 for a rough search by the side of left part is constituted as symmetrically as the 
alignment mark 27 for a rough search by the side of the right-hand side. 

[0039] Moreover, between the protection-from-light section 31 by the side of the right-hand side, and 
one cross-joint pattern of the alignment mark 27 for a rough search, it approaches in the direction of y 
and the fine alignment marks 29A and 29B are formed, between the protection-from-light section 31 by 
the side of the right-hand side, and the cross-joint pattern of another side of the alignment mark 27 for a 
rough search, it approaches in the direction of y and the fine alignment marks 29C and 29D are formed. 
The fine alignment marks 30A-30D are symmetrically formed in the left part side with these fine 
alignment marks 29A-29D. These fine alignment marks 29A-29D, and 30A-30D In drawing 4 (a), while 
arranging 2 sets of three straight-lines-like patterns at intervals of predetermined in the x directions as 
shown in drawing 4 (c) in fact, respectively although only shown as a cross-joint-like mark, 2 sets of 
three straight-lines-like patterns are arranged at intervals of predetermined in the direction of y. 
[0040] In step 103 of drawing 2 , the reticle alignment microscope (henceforth "RA microscope") 20 of 
drawing 1 detects the alignment mark 28 for a rough search by the side of the left part of drawing 4 (a) 
first. In case d rawing 4 (b) shows the observation fields 19R and 20R on the reticle 12 of the RA 
microscopes 19 and 20 in this case and performs a rough search, the alignment marks 27 and 28 for a 
rough search are outsides [ fields / 19R and 20R / observation ], respectively, and it is the effective 
exposure field and outside field 33R [ **** ]. Although this needs to enlarge the alignment marks 27 and 

28 for a rough search for a rough search, when the exposure field of projection optics is enlarged 
according to it, it is because it is necessary to enlarge the diameter of a projection lens and becomes a 
cost rise. Then, this example explains with reference to drawing 5 per procedure at the time of 
performing a rough search. 

[0041] it is drawing where drawing 5 (a) reduced the enlarged drawing near [ one ] the cross-joint 
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pattern of the alignment mark 28 for a rough search, and drawin g., (b) reduced d rawing 5 (a), and the 
square of the RA microscope 20 is effective in this drawing 5 (a) and (b) -- the design value of the sum 
of the drawing error of a pattern and installation error over the appearance of a reticle 12 is set to deltaR, 
using width of face of visual field 20Ref as W. Therefore, as shown in drawing^ (b), one cross-joint 
pattern 28a of the alignment mark 28 for a rough search is surely contained in the field of the square of 
width-of-face deltaR. although the candidate for detection is the x-coordinate and y-coordinate of the 
cross-joint pattern 28a, the width of face W is aslant effective in the direction which crosses at 45 
degrees to biaxial [ of the alignment mark 28 ] by this example, i.e., a x axis and the y-axis, ~ visual 
field 20Ref is scanned. And it asks for the x-coordinate and y-coordinate of the cross-joint pattern 28a as 
the x-coordinate and y-coordinate when crossing the alignment mark 28 on the occasion of the inclining 

[0042] for that purpose, the width of face W is effective in the field of the square of the width-of-face 
deltaR as what expresses the integer part of the forward real number a with INT (a) - the number of 
search screens which is the minimum count scanned by visual field 20Ref is set to {INT(deltaR/W)+l } . 
It asks for this number of search screens beforehand. And to the field of the square of the width-of-face 
deltaR centering on the first effective visual field B5, set up effective visual field A5 of the {INT 
(deltaR/W)+l } individual of width of face W, B5, C5, and .... aslant, respectively, and the reticle minute 
drive stage 1 1 of drawing 1 is driven. The image within each effective visual field is sampled carrying 
out stepping of each effective visual field, and setting up in effective visual field 20Ref of drawing-5 (a) 

fo043] XTshown in drawing 5 (b), at least, cross-joint pattern 28a of the alignment mark 28 for a search 
exists all over the search range of width-of-face delta Rxdelta R, and the alignment mark 28 is fully 
large to the search range. Therefore, if the step feed of the effective visual field is earned out in the 
direction of slant to this alignment mark 28, it turns out with the minimum number of screens that the 
coordinate of cross-joint pattern 28a of the alignment mark 28 is detectable. The image processing at 
that time is good at the single dimension image processing to the picture signal which adds the scanning 
line of all Rhine in the picturized screen, and is acquired. , „ , A 

T00441 The various picture signals which drawing 6 added the scanning line of all Rhine such and were 
acquired are shown. The picture signal which meets in x directions and the direction of y in which 
drawing 6 (a) and (d) are obtained in effective visual field A5 of drawing 5 (b), The picture signal which 
rneetsltx directions and the direction of y in which drawing 6 (b) and (e) are obtained in effective 
visual field B5 of drawing 5 (b), drawing 6 (c), and (f) are picture signals which meet in x directions and 
the direction of y which are acquired with the effective visual field C5 of drawing 5 Q>) The x- 
coordinate of cross-joint pattern 28a is called for from the picture signal of drawing 6 (b), and the y- 
coordinate of cross-joint pattern 28a is called for from the picture signal of drawing 6 (f). 
r00451 Thus, after detecting the reticle mark 28 for a search, in step 104 of drawing 2 , the alignment 
mark 27 for a rough search is moved to the observation field of the RA microscope 19, and the location 
of that alignment mark 27 is detected similarly shortly. However, the part which does not have the 
pattern of the reference mark plate 6 of drawing 1 in this case is moved into the exposure field ot 
projection optics 8, and the part without that pattern is illuminated from the pars basilans ossis 
occipitalis. Thus, by the illumination light injected from the reference mark plate 6, the alignment marks 
27 and 28 for these rough searches are illuminated from a rear-face side. 

[00461 By the above sequence, the location of the alignment marks 27 and 28 for a rough search to the 
observation fields 19R and 20R of the RA microscopes 19 and 20 of drawing 4 (b) and correspondence 
of reticle system of coordinates can be attached roughly. Moreover, rough matching with the observation 
fields 19R and 20R of RA microscope and wafer system of coordinates can be performed by measuring 
the reference mark on the reference mark plate 6 of drawing 1 under the RA microscopes 19 and 20^ 
Thereby, the rough alignment (rough alignment) which is extent with which the fine alignment marks 
29A-29D and 30A-30D, and the reference mark on the reference mark plate 6 (after-mentioned) do not 

[OO^^wevet, in this example, in order to make small the diameter of a lens of projection optics 8, the 
alignment mark on a reticle 12 is divided into the alignment mark for a rough search, and the fine 
alignment mark, but when the diameter of a lens of projection optics 8 may be enlarged, the a hgnment 
mark for these rough searches and a fine alignment mark can be carried out to a common mark Even in 
this case as shown in drawin g 5 , the technique of carrying out a step feed in the direction of slant, and 
searching an alignment mark can be diverted, and can also search an alignment mark to coincidence 
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under the RA microscopes 19 and 20. 

[0048] Next, although the sequence of fine alignment is explained, it explains per detailed configuration 
of a wafer stage and a reticle stage before that. Drawing 7 (a) is the top view of a wafer stage, and the 
wafer 5 and the reference mark plate 6 are arranged on Ztheta shaft drive stage 4 in this drawing 7 (a). 
Moreover, on Ztheta shaft drive stage 4, migration mirror 7X for the X-axes and migration mirror 7Y for 
Y-axes are fixed, lighting field 32W of the shape of a slit corresponding to the lighting field 32 of the 
shape of a slit of drawing 4 (b) are illuminated with exposure light on a wafer 5, and the observation 
fields 19W and 20W are the observation fields 19R and 20R of drawing 4 (b), and conjugation, 
respectively. 

[0049] It is parallel to the X-axis, and the laser beam LWX and LWof of spacing IL are irradiated by 
migration mirror 7X in accordance with the optical path which passes along the optical axis of projection 
optics, and the origin/datum of alignment equipment 34, respectively, and two laser beams LWY1 and 
LWY2 of spacing IL are irradiated in accordance with the optical path parallel to a Y-axis at migration 
mirror 7Y. Coordinate value Yl which the coordinate value measured as X coordinate of Ztheta shaft 
drive stage 4 with the interferometer which uses a laser beam LWX was used at the time of exposure, 
and was measured with the interferometer using laser beams LWY1 and LWY2 as Y coordinate, 
respectively And Y2 The average (Yl+Y2)/2 are used. Moreover, coordinate value Yl Y2 The rotation 
of the hand of cut (the direction of theta) of Ztheta shaft drive stage 4 is measured from difference. 
Based on those coordinates, the location and angle of rotation of XY flat surface of Ztheta shaft drive 
stage 4 are controlled. 

[0050] Especially the direction of Y that is a scanning direction is using the average of the measurement 
result of two interferometers, and is easing the error by the air fluctuation at the time of a scan etc. 
according to the equalization effectiveness. Moreover, the location of X shaft orientations in the case of 
using the alignment equipment 34 of an off-axis method is a configuration controlled based on the 
measurement value of the exclusive interferometer which uses a laser beam LWof like which the so- 
called Abbe error does not produce. 

[0051] Drawing 7 (b) is the top view of a reticle stage, in this drawing 7 (b), the reticle minute drive 
stage 1 1 is laid on the reticle Y drive stage 10, and the reticle 12 is held on it. Moreover, two migration 
mirrors 21 yl for migration mirror 2 lx and the y-axes for x axes and 21y2 are fixed to the reticle minute 
drive stage 1 1, a laser beam LRx is irradiated in parallel with a x axis by migration mirror 21x, and laser 
beams LRyl and LRy2 are irradiated in parallel with the y-axis by the migration mirror 21yl and 21y2, 
respectively. 

[0052] The coordinate of the direction of y of the reticle minute drive stage 1 1 is the coordinate value yl 
measured with two interferometers which use laser beams LRyl and LRy2 like a wafer stage. And y2 
The average (yl+y2)/2 are used. Moreover, the coordinate value measured with the interferometer with 
which a laser beam LRx is used for the coordinate of x directions is used. Moreover, coordinate value yl 
y2 The rotation of the hand of cut (the direction of theta) of the reticle minute drive stage 1 1 is measured 
from difference. 

[0053] In this case, the reflective element of a corner cube mold is used as the migration mirror 21yl ol 
the direction of y which is a scanning direction, and 21y2, and the migration mirror 21yl and the laser 
beams LRyl and LRy2 reflected by 21y2 are reflected and returned by the reflective mirrors 39 and 38, 
respectively. That is, the interferometer for the reticles is a double pass interferometer, and has 
composition which a location gap of a laser beam does not produce by rotation of the reticle minute 
drive stage 1 1 by this. Moreover, the slit-like lighting field 32 and the observation fields 19R and 20R of 
the RA microscopes 19 and 20 are arranged on the reticle 12 like the wafer stage top. And Ztheta shaft 
drive stage 4 of a reticle 12 and drawing 7 (a) can be observed now only from the observation fields 19R 
and 20R. Thus, although it is the translation which measures the relation between a reticle 12 and Ztheta 
shaft drive stage 4, and raises the alignment precision at the time of exposure, and the rotation precision 
of a reticle 12 and a wafer 5, with reference to drawing 8 and drawing 9 , it explains per that approach. 
[0054] Reticle image 12W which drawing 8 (a) projects the reticle 12 of drawing 4 (a) on the reference 
mark plate 6 of drawin g 7 (a), and are obtained are shown, and mark image 29AW-29DW [****] and 
mark image 30AW-30DW [ **** / the fine alignment marks 30A-30D ] are shown in the fine alignment 
marks 29A-29D of drawing 4 (a) in this drawing 8 (a), each ~ mark image 29AW-29DW and 30AW- 
30DW are configurations which have arranged the three straight-lines-like pattern to four sides, as 
shown in drawing 8 (b), respectively. 

[0055] Drawing 8 (c) shows arrangement of the reference mark on the reference mark plate 6, and 
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ref erence marks 35A-35D, and 36A-36D are formed on the reference mark plate 6 of this drawing j. (c), 
respectively by the almost same arrangement as mark image 29AW-29DW of drawing 8 (a), and 30AW- 
30DW These reference marks are illuminated by the illumination light of the same wavelength as 
exposure light from the rear face of the reference mark plate 6. Moreover, reference mark 37A is formed 
in the location which separated only spacing IL from the middle point of reference marks 35A and 36A 
on the reference mark plate 6 in the direction of Y which is a scanning direction. Spacing IL is equal to 
the amount of base lines which is spacing of the origin/datum of projection optics 8 and the origin/datum 
of the alignment equipment 34 of an off-axis method in drawing.! . Similarly, reference marks 37B, 
37C and 37D are formed in the location where only spacing IL separated from the middle point of 
reference marks 35B and 36B, the middle point of reference marks 35C and 36C, and the middle point 
of reference marks 35D and 36D in the direction of Y, respectively. 

[0056] Consisting of [ and ] straight-line-like patterns of seven line x7 train, as reference marks 35 A- 
35D and 36A-36D are shown in drawing 8 (d), respectively, these reference marks 35A-35D, and JoA- 
36Dare magnitude settled in the interior of mark image 29AW-30DW of drawing 8 (b). Moreover 
reference marks 37A-37D use the lattice point when it corresponds of the grid patterns formed in the 
direction of X, and the direction of Y in the predetermined pitch, as shown in drawing! B (e) 
[00571 In this case, first, from the result obtained by measurement of steps 103 and 104 in step 105 ot 
drawing! , the relative physical relationship and the relative angle of rotation of a reticle 12 and the RA 
mlc^scSes 19 and 20 are computed, and the fine alignment marks 29A and 30A of dmwmg^ (a) are 
moved into observation field 19R of the RA microscopes 19 and 20, and 20R, respectively. Then in t step 
1 06 the reference marks 35A and 36A on the reference mark plate 6 of drawing 8 (c) are moved to the 
observation fields 19R and 20R and the observation fields [ **** ] 19W and 20W (refer tc , dmwing9 ), 
respectively. Thereby, as shown in drawing^ (a), mark image 29AW and reference mark 35A can 
observe to coincidence within observation field 19W, and mark image 30AW and reference mark 36A 
can X£e to coincidence within observation field 20W. Then, in step 107 of drawing! the detecting 
signal of the reference mark image which corresponds also with the alignment equipment 34 of an ott- 
axis method is sampled at the same time it changes into an image pick-up signal the image observed 
under the RA microscopes 1 9 and 20 and samples it. • , . 

[0058] In drawing 9 (a), reticle image 12W which are the projection image of a reticle 12 ar injected 
on the reference mark plate 6. Moreover, as shown in drawing 9 (c), the observation fields 19W and 
20W are located in the location which crosses the optical axis in the exposure field of proj ection optics 
8 respec fively and reference mark 37A is settled in the observation field of the alignment ^equipmen 34 
of ro^smXd. And if the reticle minute drive stage 1 1 of drnmo^l (b) moves to the bottom (the 
direction of -y) like the time of slit scan exposure synchronizing with Ztheta shaft drive stage A ot 
drawing^ (a) moving to the bottom (the direction of Y), as shown in drawing 9 (b) froin the 9th (a), the 
rSeTmark plate 6 and reticle image 12W will move in the direction of Y together. Since the 
observation fields 19W and 20W of the RA microscopes 19 and 20 and the ° f 
an off-axis method are being fixed at this time the mark group (a mark image - 30 AW 29 AW) by 
which the bottom of the observation fields 19W and 20W and alignment equyment^ 4 ™ j^jen to 
Sign A Even the mark group (mark image 29DW, 30DW, reference marks 35D, 36D, and 37D) to which 
Sign D was given from reference marks 35 A, 36A, and 37 A moves and goes 

r00591 First in the 1st static position of drawing 9 after alignment initiation (a), mark image 29AW and 
See mark 35A are under observation field 19W, there are mark image 30AW and reference mark 
36A in the bottom which is observation field 20W, reference mark 37A is under the alignment 
equipment 34 of an off-axis method, and the mark to which these signs A were given ^ altogether 
observed by coincidence. After measurement in the 1st static position is completed reticle image 12W 
and the reference mark plate 6 are synchronously moved to the 2nd static position by ste VV^S^mon. 
The mark groups which the mark group which existed in the 1st static position under the observation 
fields 19W and 20W and alignment equipment 34 is a mark group to which Sign A was given and exist 
in he Astatic position undVthe observation fields 19W and 20W and alignment equipment 34 are 
ma* groups (mark image 29BP of drawing^ , reference marks 35B and 37B, etc.) to which Sign B was 

foOoO] By repeating the above sequences with the 3rd static position and the 4th stati 7° sition 
condition of drawing^ (b)), the reference mark on reticle image 12 the mark image of W and the 
reference ^arkTk^It wul be measured in order of the mark group to which Sign A was given the 
mark g^up to wS Sign B was given, the mark group to which Sign C was given, and the mark group 
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to which Sign D was given by the RA microscopes 19 and 20 and the alignment equipment 34 of an off- 
axis method, respectively. This actuation is actuation of steps 105-1 10 of drawing 2. Thus, in order to 
express the measurement result searched for intelligibly, a measurement result is shown in drawin gJO . 
[0061] In drawingJO , the vector of the alignment error to mark image 29BW-29DW is similarly made 
into BL-DL from reference marks 35B-35D, respectively by setting to AL the vector of the alignment 
error from reference mark 35 A which amends the measurement result obtained under the RA 
microscope 19 like the after-mentioned, and is called for to mark image 29 AW. Similarly, the vector ot 
the alignment error to mark image 30BW-30DW is made into BR-DR from reference marks 36B-36D 
respectively by setting the vector of the alignment error from reference mark 36A to mark image 30A W 
to AR Moreover, the error vector from the reference marks 37A-37D which amend the measurement 
result obtained with the alignment equipment 34 of an off-axis method like the after-mentioned, and are 
called for to the origin/datum of the alignment equipment 34 is made into AO-DO, respectively. 
[00621 And the coordinate value of x directions measured with the interferometer 14 by the side ot the 
reticle of drawing 1 when obtaining the error vector AL, AR-DL, and DR, The coordinate value 
obtained using the laser beam LRx of drawing^ (b), respectively Namely, ReAx-ReDx, The coordinate 
value of the direction of y measured with the interferometer 14 by the side of the reticle of drawing 1 
when obtaining the error vector AL, AR-DL, and DR, i.e., the coordinate value obtained usmg the laser 
beams LRyl and LRy2 of drawjngJZ (b), is carried out to ReAyl-ReDyl, and ReAy2-ReAy2, 
respectively Moreover, the coordinate value of the direction of X measured with the interferometer 13 
by the side of the wafer of drawing 1 when obtaining the error vector AL, AR-DL and DR, The 
coordinate value obtained using the laser beam LWX of drawing 7 (a), respectively Namely WaAX- 
WaDX The coordinate value of the direction of Y measured with the interferometer 13 by the side ot 
the wafer of drawing^ when obtaining the error vector AL, AR-DL, and DR ^ ; the coordinate : value 
obtained using the laser beams LWY1 and LWY2 of <hamngj- (a), is carried out to WaAYl-WaDYl, 
and Wa A Y2 - WaD Y2 , respectively. * . f „, 

M0631 Moreover, the coordinate value of the direction of X acquired with the interferometer only tor 
alignment equipment of the off-axis method when obtaining error vector AO-DO.i.e * e 0 T 
value obtained using the laser beam LWOF of drawing^ a), is made into W ^OX-W a DOX 
respectively In this case, as shown in drawing 7 (a), spacing of the direction of X of the laser beams 
LWY? and ILWY2 by the side of a wafer is IL, and spacing by the side of the wafer of the laser beams 
LRvl and LRy2 by the side of a reticle is RL. 

T00641 Next in order [, such as the error vector AL of drawingJO ] to explain per [ for which it asks ] 
way the configuration of the RA microscope 19 of drawing^ is explained tc > a detail D«il shows 
the RA microscope 19 and this illumination system, and the illumination light EL of the : same 
wavelength as exposure light is led to the interior of Ztheta shaft drive stage 4 through the optical fiber 
44 in thifdrawmgJl from the exterior of Ztheta shaft drive stage 4. Exposure light may be relayed by 
the lens svstem instead of an optical fiber 44. The illumination light drawn such illuminates the 
referee iSs 35AOSD on the reference mark plate 6 through lens 45A, beam-splitter 45B, and lens 
45C, and the illumination light which penetrated beam-splitter 45B is illuminating the reference marks 
36A-36D on the reference mark plate 6 through lens 45D and lens 45E, mirror 45F, and lens 
T00651 For example, the light which penetrated reference mark 35A carries out image formation ot the 
mage of Preference mark 35A on the fine alignment mark 29 on a reticle 12 through projection optics 
Fffi fight from L image and the alignment mark 29 of the reference mark 35A reaches a h^-or 
42 through the deviation mirror 15, lens 40A, and lens 40B, and the light earned out 2 ***** by the half 
minor 42 carries out incidence to image sensor 43X for the X-axes which consis^of two-dimensional 
CCD, respectively, and the image pick-up side of image sensor 43Y for Y-axes. The image of me 
alignment mark 29A as shown in drawing 12 (a), respectively, and reference mark 35 image 35AR is 
Sd on the image pick-up side of these image sensors 43X and 43Y In this case ^P*JP 
screen 43Xa of image sensor 43X for the X-axes is a field parallel to the direction of X on a wafer stage, 
«^ Option o/a horizontal scanning line is the direction of X and image pick-up ^ 
image sensor 43Y for Y-axes is a field parallel to the direction of Y on a wafer stage, and the direction 
of a horizontal scanning line is also the direction ofY. 

[0066] Therefore, the amount of location gaps of the direction of X of reference niark 35 A and 
alignment mark 29A is calculated from the averaging of image pick-up signal S4X .of ™^™*°*f£ 
and the amount of location gaps of the direction of Y of reference mark 35A and alignment mark 29A is 
cllteTfrom the averaging image pick-up signal S4Y of image sensor 43Y. These image pick-up 
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signal S4X and S4Y is supplied to the signal processor 41. 

[0067] If the mark group to which Sign A was given is explained more to a detail taking the case of the 
case where alignment is being carried out, under the RA microscope 19, alignment mark 29A and 
reference mark image 35AR which are shown in drawin g!! (a) will be observed to coincidence. In this 
drawing 12 (a), picture signal S4X in image pick-up screen 43Xa surrounded with the broken line and 
43Ya(s) and S4Y are detected by analog-to-digital conversion as a digital signal within a signal 
processor 41. Averaging of the image data on each scanning line is independently earned out by the X- 
axis and the Y-axis within a signal processor 41, and picture signal S4X for the X-axes and picture 
signal S4Y' for Y-axes by which averaging was carried out come to be shown in drawing 12 (b) and (c), 
respectively. These image data is processed as a 1 -dimensional image processing signal, respectively. 
[0068] thus ~ if data processing of the acquired signal is carried out with a signal processor 41 - relative 
location gap AL'X of the direction of X with reference mark 35A of the mark image 29 AW and the 
reference mark plate 6 of the reticle 12 of drawing 10 , and the direction of Y And ALY It asks And it 
is relative location gap ARX of the direction of X of mark image 30AW and reference mark 36A, and 
the direction of Y by the RA microscope 20 of drawin g 1 . And ARY It asks. Similarly, the relative 
location gap with mark image 29BW-29DW and the reference marks 35B-35D of drawing 10 and the 
relative location gap with mark image 30BW-30DW and reference marks 36B-36D are called for 
[0069] However, the picture signal corresponding to alignment mark 29A of drawing 12 (b) and the 
Picture signal corresponding to reference mark image 35AR are having the location controlled, for 
example by the interferometer by the side of a reticle, and the interferometer by the side of a wafer, 
respectively. Therefore, the measurement coordinate ReAx of the interferometer by the > side , of rtto reticle 
at L time of measuring the mark group (29AW(s) of drawmgJQ , 35A 30AW, 36A) to .which Sign A 
was given, and ReAyl and ReAy2, [ for example, ] deltaWaAX, and delta WaAYl and delta WaAY2 
arise to the measurement coordinate WaAX of the interferometer by the side of a wafer and WaAYl 
and WaAY2 [ deltaReAx which is a measurement error (= actual measurement- set point) resulting rrom 
the following error of each stage, delta ReAyl and delta ReAy2, and ] Relative location gap ALX asked 
for this measurement error for the point by the operation, and ALY It is contained. 

[0070] then, the result of having deducted those errors from the relative location gfP/ b t aine ^ b / 
measurement like a degree type - the X component ALX and the Y component ALYof Vector AL of 
d rawing 10 It becomes. [ of an alignment error ] however, a degree type - setting (1/M > -- it is the 
contraction scale factor of projection optics 8, and IL and RL are spacing explained by drawing 7 , 
respectively. 
[0071] 

[Equation 1] ALX=AL'X-delta ReAx/M-delta WaAX [0072] 

[Equation 2] ALY=ALY-delta ReAyl/M-{(deltaWaAYl+deltaWaAY2)/2- (deltaWaAY2- 

fo^sfnm^ component ARX of the vector AR of the alignment error of drawing 10 . 

And Y component ARY It asks from a degree type. 

[0074] 

m076] L Next, although error vector AO-DO of drawing 10 which amends the result obtained by the 
alignment equipment 34 of an off-axis method, and is obtained is explained therefore, with reference to 
drawinell it explains per configuration of the alignment equipment 34. 

[0077] D aw ing_L3 shows the configuration of that alignment equipment 34, and sets it to this drawing 
3 . Thelighrffen; the reference mark on the reference mark plate t i Deviate in the deviation mirror 

Action 46 carry out incidence to the half prism 47, and the light reflected by the half prism 47 tends 
L the aliSment optical system (henceforth "FIA optical system") 48 of the image-processing 

method using thewhite light. The light which penetrated the half mirror carries out incidence to the 

alignment optical system (henceforth "LIA optical system") 52 for a heterodyne beam to detect the 

^^^^St^t^ FIA optical-system 48 side, after the illumination light from the 
ource 49 of me illumination light passes through the FIA optical system 48, it will be deflected b> Mhe 
half prism 47 and the deviation mirror 46, and will illuminate the reference mark on the reference mark 
p?ato6. The lig£t which followed the same optical path and passed return and the FIA optical system 48 
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to the FIA optical system 48 carries out incidence of the return light to half prism 50A. Image formation 
of the reference mark image on the reference mark plate 6 is carried out on the image pick-up side of 
image sensor 51X for the X-axes which the flux of light which penetrated half prism 50A becomes from 
two-dimensional CCD. Image formation of the reference mark image on the reference mark plate 6 is 
carried out on the image pick-up side of image sensor 51 Y for Y-axes which the flux of light reflected 
by half prism 50A becomes from two-dimensional CCD. 

[0079] On the image pick-up side of each image sensor 51X and 51Y, image formation of the image as 
shown in drawing 14 (a) is carried out. The reference mark on the reference mark plate 6 is the lattice 
point of a grid-like pattern, and image 37P of the pattern of the shape of the grid are projected on 
drawing 14 (a). If width of face of P and a dark line is set to L for the grid pitch on the image 37 
reference mark plate 6 of P of the pattern of the shape of the grid, width of face L is set up quite smaller 
than the grid pitch P. Moreover, image formation of the reference mark (index mark) image 48X1 for the 
directions of X illuminated by the illumination light other than the illumination light of the reference 
mark plate 6, 48X2 and the index mark image 48 Yl for the directions of Y, and 48Y2 is earned out to 
the image pick-up side. The location of the reference mark on the reference mark plate 6 is detectable on 
the basis of the location of these index mark image. 

[0080] Specifically, image pick-up field 51Xa of a direction [****/ as the direction of X / m drawin g 
14 (a) ] and image pick-up field 51 Ya of the direction of Y and a direction [ **** ] are pictunzed with 
the image sensors 51X and 51 Y of drawing 13 , respectively. The directions of the horizontal scanning 
line of image sensors 51X and 51 Y are the direction of X and the direction of Y, and a direction [****], 
respectively, and each image pick-up signal S5X of image sensors 51X and 51 Y and S5Y are supplied to 
the signal processor 56 of drawing 13 . In a signal processor 56, averaging of image pick-up signal S5X 
and the S5Y is carried out, respectively, picture signal S5X' of drawing 14 (b) and picture signal S5Y ot 
drawing 14 (c) are obtained, and it asks for the location gap of a reference mark made into the object on 
the reference mark plate 6 from these picture signals. The still more detailed configuration is indicated 
by Japanese Patent Application No. No. 1 6589 [ four to ]. , 
[0081] When the reference mark made applicable to detection is reference mark 37A of drawing 10 , a 
relative location gap of the direction of X over the reference mark of reference mark 37 A obtained by 
the image processing of drawing 14 (a) and the direction of Y is made into AO'fX and AO'fY, 
respectively For the location of the reference mark plate 6 at this time, the value which lengthened the 
following error and rotational error of Ztheta shaft drive stage 4 of drawing 7 (a) from that measurement 
result since it was managed by wafer system of coordinates is the X component AOX of the error vector 
AO of drawing 10 . And Y component AOY It becomes. However, X component AOX corresponding to 
the FIA optical system 48 of drawing 13 And Y component AOY It is referred to as AOfX and AOfY, 
respectively. That is, a degree type is obtained. 
[0082] 

[Equation 5] AOfX= AO'fX - (WaAOX-WaAX) 
[0083] 

[Equation 6] , , 

AOfY= AO'fY- (WaAYl+WaAY2)/2 [0084] On the other hand, by the alignment system including tne 
LIA optical system 52 of dr awing 13 , after the laser beam from a laser light source 53 penetrates the 
LIA optical system 52 and the half prism 47, it is deflected by the deviation mirror 45 and carries out 
incidence to the reference mark of the shape of a diffraction grating on the reference mark plate 6. Two 
****s of the diffracted lights which the diffracted light from the reference mark followed the same 
optical path, and passed return and the LIA optical system 52 to the LIA optical system 52 are earned 
out by half prism 50B, and they carry out incidence to photo detector 55Y photo detector 55X tor the 
directions of X, and for the directions of Y. 

[0085] In this case, 2 ****s of the laser beams from a laser light source 53 are earned out within tne lia 
optical system 52, and the delta frequency of deltaf is given to the frequency of these two laser beams by 
the internal frequency shifter. The interference light of these two laser beams is received by the photo 
detector 54, and the reference sign S6 of frequency deltaf is outputted from the photo detector 
Moreover, by the suitable incident angle with the laser beam (heterodyne beam) from which these two 
frequencies differ, the reference mark of the shape of a diffraction grating on the reference mark plate 6 
irradiates, and the primary [ **] diffracted light of these [ by the reference mark ] two laser beams 
returns perpendicularly to the reference mark plate 6 in parallel. Although, as for the interference light of 
the primary [ **] light, optical reinforcement changes by frequency deltaf, a phase changes according to 
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the X coordinate and Y coordinate of a reference mark. And from photo detector 55X, beat signal S7X 
of frequency deltaf from which the phase is changing according to the X coordinate of a reference mark 
is outputted, beat signal S7Y of frequency deltaf from which the phase is changing according to the Y 
coordinate of a reference mark is outputted from photo detector 55Y, and a reference sign S6 and beat 
signal S7X, and S7Y are supplied to the signal processor 56. 

[0086] If the reference mark for detection is set to reference mark 37 A of drawing 10 , the signa 
processor 56 of drawingJi is the phase contrast deltaphiX of a reference sign S6 and beat signal S7X, as 
shown in drawin g 14 (d). As location gap AO'LX of the direction of X of reference mark 37A is 
calculated and it is shown in drawing 14 (e), it is the phase contrast deltaphiY of a reference sign S6 and 
beat signal S7X. Location gap AO'LX of the direction of Y of reference mark 37A is calculated The 
value which lengthened the following error and rotational error of Ztheta shaft drive stage 4 of toung 
7 (a) from this measurement result is the X component AOX of the error vector AO of dmwjngJO And 
Y component AOY It becomes. However, X component AOX corresponding to the LIA opticalsystem 
52 of drawing 13 And Y component AOY It is referred to as AOLX and AOLY, respectively. That is, a 
degree type is obtained. 
[0087] 

[Equation 7] AOLX=AO'LX - (WaAOX-WaAX) 
[0088] 

AOLY °AO'LY- (WaAYl+WaAY2)/2 [0089] If alignment is performed in the ^cation of a mark group 
where the sign A of djawing_10 was attached as mentioned above, eight data, ALX, ALY, AKA, mi, 
AOfX AOfY, AOLX, and AOLY, will be measured. By performing measurement to the mark group > to 
which the mark group to which Sign A was given by such sequence - Sign D were given 32 data (- 8x4) 
are called for Among these 32 data, the data obtained under the RA microscopes 19 and 20 are 
Z^zcd ls observation data Dxn and Dyn, and the data obtained by the alignment equipment 34 of an 
offS method are memorized as observation data Axn and Ayn. Then, actuation shifts to step 1 1 1 of 

Slhf step 1 1 1 of drawin&l , when the coordinate of the x directions and the direction of y of the 
system of coordinates which enabled it to actually change reticle system of coordinates and wafer 
system of coordinates only with a linearity error is set to Fxn and Fyn to the observation data Dxn and 
Dyn corresponding to the RA microscopes 19 and 20, these relation is as follows. 
0091] 

Equation 9] 



xnlfRx -R*-(O>+0)¥D xnl [Ox] 
ynj-LRye R » Jl D yn i L 0y J 



[0092] Moreover, a degree type will be materialized if the nonlinear error of x directions and the 
direction of y is set to epsilonxn and epsilonyn. 
0093] 



Equation 10] 

£xnl_fF 

£ y nJ"|F 

f I -Rx -Rx-(w+0) ] [Dxn] 
[ R »- 6 1 -Ry J [Dyn] 



e " UP ".]-[S"] 



Ox 
Oy 



T0094] And the value of six parameters Rx, Ry, theta, omega, Ox, and Oy of (several 9) * computed 
usL the least squares approximation so that these nonlinear errors (epsilonxn epsilonyn) may serve as 
ml The sea ng p^ame^er Rx of x directions shows the scale-factor error of the x directions of a reticle 
U and, L rSce mark plate 6, and the scaling parameter Ry shows the scaling error of the scanning 
airecuon (the direction of y) of reticle system of coordinates and wafer system of coordinates here 
Mor^ in melnclude-a^gle parameter theta, a reticle 12, the reference mark plate 6, and a rotational 
e^or and *e nclude-angle parameter omega show the parallelism of the scanning direction of reticle 
syTem of Coordinates and wafer system of coordinates, and offset parameters Ox and Oy show the offset 
value of the x directions of both, and the direction of y, respectively. 

JxEs; | Next, the amount of base lines is calculated in steps 1 12 and 1 1 3 of drawing^ . In this case, the 
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offset at the time of the amount measurement of base lines serves as (<Ax>-Ox, <Ay>-Oy) by setting to 
<Ax> and <Ay> the average value of the data Axn and Ayn measured with the alignment equipment 34 
of an off-axis method, respectively. Therefore, at the time of alignment, in switching control to the 
interferometer (it is also hereafter called "the interferometer LWOF only for off-axes") using a laser 
beam LWOF from the interferometer (it is also hereafter called "the interferometer LWX for exposure ) 
which uses the laser beam LWX of drawing 7 (a) and using the FIA optical system 48 of drawing 13 , it 
sets the average of the measured data Axn and Ayn to <Afx> and <Afy>, respectively. And what is 
necessary is to give offset of offset (<Afx>-Ox, <Afy>-Oy) to the measurement value of the 
interferometer corresponding to the laser beams LWY1 and LWY2 of drawing 7 (a), and LWOF, and 
just to perform alignment processing. On the other hand, in using the LIA optical system 52 of &mmg 
13 it sets the average of the measured data Axn and Ayn to <ALx> and <ALy>, respectively. And what 
is necessary is just to give offset of (<ALx>-Ox, <ALy>-Oy) to the measurement value of an 

rOO^Tn^addition, the above amendment method means setting up the standard coordinates of stage 
system of coordinates based on the reference mark on the reference mark plate 6. In this case m other 
words, the shaft which passes along the reference marks 37A-37D on the reference mark plate 6 for 
example turns into a reference axis, and the reading value (yawing value) of the interferometer LWOF 
only for off-axes on this reference axis at the time of setting the reading value of the interferometer 
LWX for exposure to 0 on this reference axis is calculated. And at the time of exposure, alignment ot a 
wafer 5 is carried out for the result of having amended that yawing value to the reading value of the 
interferometer LWX for exposure, and the actual reading value of the interferometer LWOF only for off- 
axes as "an interferometer value for delivery" based on the interferometer value for this delivery, 

[w97?On fo e other hand, for example in drawing^ (a), the approach of setting the reference axis of 
tage ystem of coordinates to migration mirror 7X for the X-axes may be ™f £*™™?>^ for 
measurement value itself is used, without resetting the reading value of the interferometer LWX for 
Exposure and the reading value of the interferometer LWOF only for off-axes to coincidence (0), 
dXeringln the state of drawing^ (a), first, at the time of future exposure, and using the interferometer 
vie of business. On the^rhand, at the time of alignment, tilt-angle thetaXF to migration imrror 7X 
of the reference axis which passes along the reference marks 37A-37D on ^ ^ of 

calculated, and the value which amended IL-theta XF and was acquired is used for the read ng value of 
the interferometer LWOF only for off-axes using the spacing IL of a laser beam LWXand LWOF^ 
Thereby, at the time of the usual exposure, the reading value of the interferometer LWX for exposure 
and the reading value of the interferometer LWOF only for off-axes can be used now as it is_ _ 
m0981 Next since the measurement data Dxn and Dyn express only the relative error of wafer system of 
coo^tes and reticle system of coordinates, when least-squares-approximation count is performed on 
wafer system-of-coordinates criteria, the called-for parameters Rx Ry, theta, ^omega Ox an Oy are 
altogether expressed with the linearity error of the reticle system of coordinates on the has* of wafer 
system of coordinates. Then, what is necessary is just to drive a reticle based on the Nnza label (rxn, 
ryn) called for from the degree type according to the motion of wafer system of ^^j£*Jf " 
coordinate and y-coordinate of reticle system of coordinates are made into rxn and ryn , respectively. 

0099] 

Equation 11] , _ , 

rxnl fRx -R *•(<» + 0)1 [rxn] [Ox] 
Ty n \-[Rye Ry lit**] [OyJ 

rOlOO] Since amendment of Offset Ox and Oy is already made by the reticle side in this Processing , it is 
good only by amending offset of (<Ax>, <Ay>) as an amount of base lines. Moreover when based 
on reticle system of coordinates, it is also possible to bring a reverse result and ^ toamend by wafer 
system of coordinates. Moreover, these amendments are amended by wafer system of co °™ f^^ 1 ™ 
time of rough alignment, it may divide like carrying out by reticle system of coordinates at the time of 
fine alignment, and it may be controlled. , 
[0101] Since the check of reticle alignment and the amount of base lines is performed as mentioned 
above using two or more marks at the time of one reticle alignment according ^ ^ exampl^it 
becomes possible to equalize the depiction error of a reticle, and a reticle and the alignment em» of a 
wafer, and alignment precision improves. Furthermore, since all of these processes are performed to 
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coincidence, a throughput also improves. Furthermore, since the reference mark plate 6 which can 
measure two or more reference marks to coincidence in a non-scanning direction (the direction of X) is 
adopted, the error by the air fluctuation of the optical path of an interferometer does not arise. 
[0102] However, since the reference mark plate 6 moves to a scanning direction in step, the effect by air 
fluctuation can be considered. If for the reason the output value of photo detectors 55X and 55 Y is used, 
the location of a wafer stage (Ztheta shaft drive stage 4 grade) is locked and the check of reticle 
alignment and the amount of base lines is performed at the time of the check of the amount of base lines 
in case processing which used the LI A optical system 52 of drawing 13 is performed, the effect of air 
fluctuation will be suppressed to the minimum. Moreover, the reticle mark of this example is arranged at 
a total of eight places of four corners of a reticle 12. In order to investigate the correspondence relation 
between reticle system of coordinates and wafer system of coordinates, not only offset but the 
parameters Rx, Ry, theta, and omega are required for this, and it is because it is more advantageous to 
the decision of Parameters Ry, theta, and omega to have arranged the mark in four corners. Furthermore, 
when using the luminescent reference mark plate 6, it is because it is difficult for a light-emitting part to 
have a limit and to make the whole surface on the reference mark plate 6 emit light. 
[0103] Moreover, when the number of reticle marks on a reticle 12 is set to n, offset parameters Ox and 
Oy are l/nl/2. It is equalized and the error of other parameters also becomes small. Therefore, an error 
becomes small, so that reticle mark several n is increased. The result of having carried out simulation of 
the relation between the error of reticle mark several n and a parameter and the error of the amount of 
base lines to below is shown. Below, it is 3 times the standard deviation sigma, and a unit [nm] 
expresses dispersion in four corners in the Niiza label system of (several 1 1). 
[0104] 

[Table 1 ] 





RX,Ry,0, o> 


















sent 


X 


Y 


X 


Y 




4 


9.59 


10.96 


8.8 


7.2 


16.00 


8 


7. 10 


7.92 


6.2 


5.1 


9.43 


1 2 


5.86 


6.48 


5.1 


4.2 


7. 77 


1 6 


5.03 


5.80 


4.4 


3.6 


6.83 



[0105] As mentioned above, by making reticle mark several n into eight pieces shows that precision of 
the check of 50nm and the stepping error of a stage of reticle alignment and the amount of base lines 
also as lOnm is made to lOnm or less by the reticle drawing error. That is, if it is less than a limit of the 
luminescent reference mark plate 6, processing speed is carried out early and many reticle mark several 
n is taken, it will also become possible to raise precision more. 

[0106] In this case, although the patterning error on the reference mark plate 6 and the distortion error ot 
projection optics 8 remain as errors into the Niiza label system, since these do not almost have 
fluctuation, it will be satisfactory if the error acquired in the exposure result as compared with reference 
data at the time of equipment adjustment is removed as system offset. In addition, in the above- 
mentioned example, as shown in drawing 8 (c), on the reference mark plate 6, two or more reference 
marks 35A-35D are formed, and two or more reference marks 37A-37D are also formed. However, even 
if it uses only one reference mark 35 A and one reference mark 3 7 A, for example, the effect of the 
drawing error of the pattern on a reticle 12 can be reduced by scanning only a reticle 12 and equalizing a 
measurement result. 

[01 07] Next it explains with reference to the flow chart of drawing 15 per 2nd example ot this 
invention and drawing 16 . It was what the reticle alignment mode of the 1st above-mentioned example 
uses 4 set's of fine alignment marks 29A-29D on a reticle, and 30A-30D about this, and performs reticle 
alignment of FAIN. However, when the parallelism of the reticle system of coordinates of the scaling 
error of the scanning direction or the scanning direction and wafer system of coordinates is small after 
reticle alignment of FAIN is once performed by the approach of the 1st example, it may be made to 
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perform reticle alignment and base-line measurement using 1 set of fine alignment marks. Thus, the 
alignment mode in which measurement to three items of scale-factor (Rx) measurement of the non- 
scanning direction, rotation (theta) measurement, and base-line measurement is carried out using 1 set of 
fine alignment marks is called "quick mode." This quick mode can be applied also when it turns out 
beforehand that the drawing error of the fine alignment marks 29A-30D on a reticle 12 is still smaller. 
[0108] In this quick mode, measurement to three items of scale-factor (Rx) measurement of the non- 
scanning direction, rotation (theta) measurement, and base-line measurement is carried out, for example 
using 1 set of fine alignment marks 29A and 30A on a reticle 12, 1 set of reference marks 35 A and 36A 
on the reference mark plate 6, and one reference mark 37 A on the reference mark plate 6. However, in 
order to amend the drawing error of 1 set of fine alignment marks 29A and 30A in the case of this quick 
mode, it is necessary to memorize the drawing error of Marks 29 A and 3 OA searched for by the fine 
alignment sequence. 

[0109] Actuation of this 2nd example is explained with reference to drawing 15 and drawing 16. 
Actuation of drawing 1 5 and drawing 1 6 is the actuation which added quick mode to actuation of 
drawing 2, and fine mode and quick mode can switch it. In the step of drawing 15, the same sign is given 
to the step corresponding to the step of drawing 2, and the detail explanation is omitted. 
[01 10] In drawing 15, like [ steps / 101-104 ] the case of drawing 2, a reticle 12 is laid on a reticle 
electrode holder, and the RA microscopes 19 and 20 detect the location of the alignment marks 27 and 
28 for a rough search, respectively. Next, one of fine mode and the quick modes is chosen at step 115. 
This selection result is beforehand directed by the operator through keyboard 22C of drawing 1 . 
However, the pattern information on a reticle 12 etc. is read by the non-illustrated bar code reader, and 
you may make it main control system 22A choose alignment mode automatically based on this result. 
[01 1 1] If fine mode is chosen, steps 105-1 13 of drawing 15 will be performed, and base-line 
measurement using the measurement result of the reticle alignment using two or more fine alignment 
marks and two or more reference marks and fine alignment will be performed like the above-mentioned. 
And at step 1 14, in the Niiza label system top on a reticle 1 2, the drawing error (henceforth a "mark 
error") of the location of the actual fine alignment marks 29A and 30A to an original location is searched 
for, and the mark error is memorized in the storage section in main control system 22A. In case a mark 
error is searched for, from the relation (conversion parameter) for which it asked at step 1 13, it asks for 
reticle system of coordinates on the basis of wafer system of coordinates, and the nonlinear error of the 
measured coordinate value to the coordinate value on the fine alignment marks 29A-29D and the design 
of 30A-30D is searched for on these reticle system of coordinates. This nonlinear error turns into a mark 
error. Thus, the mark error on the Niiza label system on a reticle is memorized from the result of steps 
1 12 and 1 13 at the time of fine alignment. Moreover, when the reticle drawing error is measured 
beforehand, an operator may do the direct input of the drawing error. Effectiveness is large especially 
when a linearity component is contained in a drawing error. 

[0112] On the other hand, if quick mode is chosen at step 115, actuation will shift to step 116 of drawing 
16. And in steps 1 16-1 18, the same actuation as steps 105-107 of drawing 15 is performed. That is, the 
image of one pair of fine alignment marks 30A and 29 A on a reticle 12 and one pair of reference marks 
36A and 35A on the reference mark plate 6 is observed under RA microscope in quick mode, and the 
alignment equipment 34 of an off-axis method detects one reference mark 3 7 A. Moreover, it asks for the 
location of the mark detected with the alignment equipment 34 of the mark observed under RA 
microscope in the second half and off-axis method of step 119. Then, in step 119, the mark error 
searched for at step 1 14 of drawing 15 is amended to the location where the fine alignment marks 30 A 
and 29 A on a reticle 12 were detected. Thereby, the number of the mark measured in quick mode can 
amend the pattern drawing error on a reticle 12 at least almost to the same extent as the case in the fine 
alignment mode of the 1 st example. 

[0113] Next, in step 120, the scale-factor error Rx of the non-scanning direction of the six conversion 
parameters (Rx, Ry, theta, omega, Ox, Oy) of (several 9), Rotation theta, and Offset Ox and Oy are 
searched for based on the location of each mark obtained by amendment at step 1 19. As shown in 
drawing 8 (a) and (c), specifically, the scale- factor error Rx of the non-scanning direction is searched for 
from the difference of mark spacing of the direction of X of the surveyed reference marks 35A and 36A 
(the non-scanning direction), and spacing of the direction of X of mark image 29AW and 30AW. 
Furthermore, it asks for Rotation theta from the difference and mark spacing of a location gap of the 
direction (the scanning direction) of Y of reference marks 35 A and 3 6 A, and a location gap of the 
direction of Y of mark image 29AW and 30AW. Moreover, Offset Ox and Oy is calculated from the 
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average amount of location gaps of a reference mark and the mark image of a reticle. 
[0114] In addition, in this quick mode, since the mark made applicable to measurement is two pieces at a 
time in the reticle and reference mark plate 6 side, it can determine conversion 4 of six conversion 
parameters of (several 9). Then, the value of four conversion parameters is calculated as mentioned 
above. In addition, the scale-factor error Ry of a scanning direction can be searched for by choosing for 
measurement two fine alignment marks 29A and 29D located in a line, for example in the direction of Y 
of drawing 4, and two reference marks 35 A and 35D of drawing 8 (c). 

[01 1 5] And reticle alignment is performed based on the scale-factor error Rx of the non-scanning 
direction and Rotation theta which were called for at step 120, and Offset Ox and Oy. In addition, 
measurement of a scale-factor error prepares beforehand the scale-factor error corresponding to a part 
for the gap of the measurement value of each mark to the design value of each mark as a table, and it 
applies a part for the gap of the measurement value of each mark to the design value of each mark to the 
table, and you may make it search for a scale-factor error. 

mi 16] Next in step 121, base-line measurement is performed using the measurement value ot the main 
coordinate of reference marks 35A and 36A, and the measurement value of reference mark 37A. since 
r thus 1 it is amending the mark error in according to this example performing fine alignment mode 
once, searching for the drawing error (mark error) of the pattern of a reticle 12 and performing alignment 
in quick mode - a high throughput - and alignment of the projection aligner of a slit scan method can 
be performed with high precision. , r*v 

[0117] Next, with reference to the flow chart of drawing 17, it explains per 3rd example ot this 
invention Whenever it carries out predetermined number-of-sheets exchange of the wafer (i.e., 
whenever this 3rd example is exposed to the wafer of predetermined number of sheets), it performs 
reticle alignment and base-line measurement in above-mentioned quick mode. In this example, alter 
exchanging reticles with the projection aligner of drawing 1, an example of actuation in the case ot 
carrying out sequential exposure of the pattern of a reticle 12 is explained to several 100 wafers with 

roulmrst, ta^Vn of drawing 17, the reticle used before is exchanged for the reticle 12 of drawing 
1 and exposure actuation is started. In this case, reticle alignment in the quick mode which drawing 1 5 
reaches step 101-104 and is shown in steps 1 16-121 of drawing 16 at 1 15 and a list, and actuation of a 
base-line check are performed. Then, the number of sheets of the wafer which will be exposed by the 
time it performs reticle alignment and a base-line check next as initial value at step 212 is set as Variable 
N and a wafer is loaded to it on the wafer stage 4 at step 213. However, a new wafer is loaded after 
performing the unload (taking out) of a wafer [ finishing / the exposure ], when there is a wafer already 

ron^NexflnJ investigated whether it is the timing which performs whether Variable N is 0 and 
reticle alignment, i.e., a base-line check, at step 214, and when Variable N is larger than 01 is 
subtracted from Variable N at step 215, and it shifts to step 216. At this step 216, after ?f^amg 
alignment of a wafer using the wafer alignment system of the alignment equipment 34 of the off-axis 
method of drawing 13, or a TTL method, the pattern of a reticle 12 is exposed by each shot field of a 
wafer When no exposure to wafers has finished although the exposure process about the reticle 2 is 
Tnded after the exposure to a wafer [ all (assignment number of sheets) ] is completed, it returns to step 
2 1 3 and the unload of a wafer [ finishing / exposure ] and loading of a new wafer are performed. 
Actuation shifts to step 214 after that. 

T0120] Moreover, when it is the timing which performs N= 0, i.e., reticle alignment, and a base-line 
check at step 214 in step 217, measurement of the rotational error of a reticle 12 and a scale-factor error 
Jperfor^ed. This is fiJsame as that of step 120 of drawing 16. Then, it shifts to step 218 and the base- 
line check of the direction of X of the alignment equipment 34 (wafer alignment system of 2 tlux-oi- 
light interference alignment method including an alignment system or the LIA optical system 52 
including the FIA optical system 48) of an off-axis method and the direction of Y is performed here. 
Then after setting up the number of sheets of the wafer which will be exposed by the time it performs a 
base-line check next as a variable N at step 219, actuation returns to step 216. whenever 
r01211 Thus since reticle alignment and base-line measurement are performed in quick mode whenever 
t exooses to the wafer of predetermined number of sheets while performing reticle alignment and base- 
line measurement according to this example, whenever it exchanges reticles, the superposition precision 
of each wafer and the pattern image of a reticle can be raised by the high throughput. 
[0122] Moreover, although the technique of the above-mentioned example is explained about the base- 
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line measurement at the time of the alignment of an off-axis method, it can expect the same effectiveness 
by application of this invention also in the TTL (through THE lens) method using the inside of the field 
of projection optics. Thus, this invention is not limited to the above-mentioned example, but can take 
configurations various in the range which does not deviate from the summary of this invention. 
[0123] 

[Effect of the Invention] According to the 1st projection exposure approach of this invention, the effect 
of the drawing error of the mark for measurement on a mask can be small suppressed by asking for the 
parameter (offset of a scale factor, the scaling of a scanning direction, rotation, the parallelism of a 
scanning direction, the direction of X, and the direction of Y) which matches mask system of 
coordinates and substrate system of coordinates by the least squares approximation etc. according to the 
location gap finally called for in each location of two or more marks for measurement on a mask. 
[0124] Moreover, according to the 2nd projection aligner, by equalizing the measurement result about 
two or more marks for measurement by the side of a mask, the drawing error of the mark for 
measurement of a mask is made small, and the amount of base lines which is spacing of the origin/datum 
of projection optics and the origin/datum of an alignment system can be measured correctly. Moreover, 
while according to the 3rd projection aligner making it correspond to two or more marks for 
measurement on a mask and forming two or more the 1st reference mark on a reference mark member 
Since two or more the 2nd reference mark is formed from the 1st reference mark of these plurality at 
spacing corresponding to spacing of the reference point in the exposure field of projection optics, and 
the reference point of the alignment system of an off-axis method, respectively, Since equalization is 
performed also for a reference mark side, the amount of base lines is measured more by accuracy 
r01251 Moreover, according to the 4th projection exposure approach of this invention, it can ask tor tne 
correspondence relation between the system of coordinates on a mask, and the system of coordinates on 
a stage by the high throughput by choosing the simple measurement process by quick mode it needed. 
Moreover, according to the 5th projection exposure approach, the correspondence relation and the 
amount of base lines of the system of coordinates on a mask and the system of coordinates on a stage 
can be calculated by the high throughput by choosing the simple measurement process by quick mode it 

KH26V Moreover, according to the 6th projection exposure approach, when exposing by the scanning 
method continuously to many substrates since the simple measurement process by quick mode is 
performed whenever^ it exposes to the substrate of predetermined number of sheets the correspondence 
relation and the amount of base lines of the system of coordinates on a mask and the system ot 
coordinates on a stage can be calculated by the high throughput. 

[Translation done.] 
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[Procedure revision] 

[Filing Date] September 13, Heisei 12 (2000. 9.13) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 

is an aligner to the projection exposure approach and equipment, and a list. 

[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 
[Method of Amendment] Modification 
[Proposed Amendment] 

[clalmf] muminate the lighting field of a predetermined configuration by the and the 

pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
suSte on a stage through projection optics. In the projection exposure approach which exposes the 
Pattern image of L area larger than the lighting field of said predetermined configuration on said mask 
S subSate^y scanning said mask and said substrate synchronously relatively to the lighting field 

t^dll^^^^fonns two or more marks for measurement towards said relative scan 
and I by ZS i two or more reference marks were formed in these two or more marks for measurement 
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and a location [****/ almost ] on said mask is arranged on said stage, 

Said mask and said substrate are moved synchronizing with the direction of said relative scan, and 
sequential measurement of the amount of location gaps of one mark for measurement in two or more 
marks for measurement on said mask and the reference mark to which it corresponds on said stage is 

carried out, . , 

The projection exposure approach characterized by asking for the correspondence relation between the 
system of coordinates on said mask, and the system of coordinates on said stage from each amount of 
location gaps of said two or more marks for measurement and said two or more reference marks. 
[Claim 2] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. In the projection exposure approach which exposes the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the lighting held 

of said predetermined configuration, . 

The alignment system of the off-axis method for detecting the location of the mark for positioning on 
said substrate near said projection optics is arranged. Two or more marks for measurement^ are formed 
towards said relative scan on said mask. The reference mark member in which the 1st and 2nd reference 
marks were formed at spacing corresponding to spacing of the reference point in the exposure field of 
said projection optics and the reference point of the alignment system of said off-axis method is arranged 

mtresafd^nd reference mark on said criteria member is observed by the alignment syste m of said off- 
axis method, said mask is moved towards said relative scan, and sequential measurement of _toe amount 
of location gaps of one mark for measurement in two or more marks for measurement on said mask ana- 
said 1 st reference mark on said stage is carried out, 

The projection exposure approach characterized by asking for spacing of the reference |P«£ » 
exposure field of said projection optics, and the reference point of the alignment system of said off-axis 
method from the amount of location gaps of said 2nd reference mark observed by the average of each 
amount of location gaps of said two or more marks for measurement and said 1st reference mark, and 

{SSSrKK^ -ore marks for measurement on said mask and foxing 

rwo oTmore said 1st reference mark on said reference mark member, two or more said 2nd reference 
mTrk informed from these two or more 1st reference marks at spacing corresponding to spacing of the 
Terence ™M in the exposure field of said projection optics, and the reference point of the alignment 
system of said off-axis method, respectively, a «H 
Said mask and said stage are moved synchronizing with the direction of said relative scan, and while 
ca^rng out ^Tequentialmeasurement of the amount of location gaps of one m ^ for mea = ent in two 
oTmore marks for measurement on said mask, and said 1 st reference mark to which it corresponds on 
saicTsLgMhe Preference mark to which it corresponds of said two or more 2nd reference marks by the 
alignment system of said off-axis method is observed, 

The^roach according to claim 2 characterized by asking for spacing of the reference point n the 
expos^e field of said projection optics, and the reference point of the ^^^^^ 
method from the average of the amount of location gaps of two or more of said 2nd reference marks 
ol^edTthe average of each amount of location gaps of said two or more marks for measurement 
and said two or more 1st reference marks, and the alignment system of said off-axis method 
S Illuminate the lighting field of a predetermined configuration by the i lumination light and the 
P a 2 image on the mask* to lighting field of said predetermined configuration - ^Jtotf^ 
substrate on a stage through projection optics. In the projection exposure approach wh ch exposes the 
Pattem fmage of fn area larger than the lighting field of said predetermined configuration on said mask 
on saia subftrate by scanning said mask and said substrate synchronously relatively to the lighting field 

^S^S!^^^ two or more marks for measurement towards said relative scan 
and ov wWch t^o or more reference marks were formed in these two or more marks for measurement 
and a location [****/ almost] on said mask is arranged on said stage, ...... „ M 

Said mask and said substrate are moved synchronizing with the direction of said relative scan. 
Sequent al measurement of the amount of location gaps of one mark for measurement in two or more 
marks for measurement on said mask and the reference mark to which it corresponds on said stage is 
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carried out. The 1st process which calculates each amount of location gaps of said mark for 
measurement and said reference mark; The amount of location gaps of one mark for measurement 
predetermined [ of two or more marks for measurement on said mask ] and the reference mark to which 
it corresponds on said stage is measured only once. The 2nd process which calculates the amount of 
location gaps of said mark for measurement and said reference mark; One of said 1st process and said 
2nd process is chosen. The projection exposure approach characterized by having the 3rd process which 
asks for the correspondence relation between the system of coordinates on said mask, and the system of 
coordinates on said stage based on each amount of location gaps of the mark for [ with which it asked at 
the selected process ] said measurement, and said reference mark, and;. 

[Claim 5] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. In the projection exposure approach which exposes the 
pattern image of an area larger than the lighting field of said predetermined configuration on said mask 
on said substrate by scanning said mask and said substrate synchronously relatively to the lighting field 
of said predetermined configuration, 

The alignment system of the off-axis method for detecting the location of the mark for positioning on 
said substrate near said projection optics is arranged, 

The reference mark member which forms two or more marks for measurement towards said relative scan 
and by which two or more reference marks were formed in these two or more marks for measurement 
and a location [ **** / almost ] on said mask is arranged on said stage, and these two or more reference 
marks consist of the 1st and 2nd reference marks arranged at spacing corresponding to spacing ot the 
reference point of said projection optics, and the reference point of the alignment system of said off-axis 

Thfprojection exposure approach characterized by providing the following Where said 2nd reference 
mark on said reference mark member is observed by the alignment system of said off-axis method Said 
mask is moved towards said relative scan. The 1st process which carries out sequential measurement ot 
the amount of location gaps of one mark for measurement in two or more marks for measurement on 
said mask, and said 1st reference mark; where said 2nd reference mark on said reference mark member 
is observed by the alignment system of said off-axis method The 2nd process which measures the 
amount of location gaps of one predetermined mark for measurement in two or more marks tor 
Measurement on said mask, andsaid 1 st reference mark; It is as a result of [ in the 3rc I process which 
chooses one of said 1 st process and said 2nd process, and the process chosen at the, this 3rd process J 
measurement. It is the correspondence relation between the system of coordinates on said mask, and the 
system of coordinates on said stage from each amount of location gaps of said mark for measurement 
and said reference mark, and the amount of location gaps of said 2nd ref erence m ^° bse ^ ed ^ p ^. . 
alignment system of said off-axis method. The 4th process which asks for spacing of the reference point 
in the exposure field of said projection optics, and the reference point of the alignment system of said 

[aaimoTmu 0 ^ the lighting field of a predetermined configuration by the illumination light and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. In the projection exposure approach which exposes the 
Pattemrmage of I area ifrger than the lighting field of said predetermined configuration on said mask 
on sain subLte by scanning said mask and said substrate synchronously relatively to the lighting field 
of said predetermined configuration, 

The alignment system of the off-axis method for detecting the location of the mark for positioning on 
said substrate near said projection optics is arranged, 

?te reference mark member which forms two or more marks for measurement towards said relative scan 
and by which two or more reference marks were formed in these two or more marks for measurement 
and avocation [****/ almost ] on said mask is arranged on said stage, and these two or more reference 
marks consist of the 1 st and 2nd reference marks formed at spacing corresponding to spacing ot the 
reference pit of said projection optics, and the reference point of the alignment system of said off-axis 

Whenever it carries out predetermined number-of-sheets exchange of said substrate 
Where said 2nd reference mark on said reference mark member is observed by the alignment system ot 
said off-axis method The amount of location gaps of one predetermined mark for measurement in two or 
more marks for measurement on said mask and said 1st corresponding reference mark is measured. 
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From the measured this amount of location gaps, and the amount of location gaps of said 2nd reference 
mark observed by the alignment system of said off-axis method, the correspondence relation between 
the system of coordinates on said mask, and the system of coordinates on said stage, The projection 
exposure approach characterized by asking for spacing of the reference point in the exposure field of 
said projection optics, and the reference point of the alignment system of said off-axis method. 
[Claim 7] In the projection exposure approach which carries out scan exposure of said substrate using 
the pattern of said mask by moving synchronously each of the mask with which the pattern was formed, 
and the substrate as a candidate for exposure, 

In advance of said scan exposure, the 1 st stage and this 1 st stage holding said mask are the projection 
exposure approach characterized by searching for the information for carrying out scan exposure of said 
substrate by holding said substrate independently, moving at least one side with the 2nd movable stage 
to a predetermined scanning direction, and moving relatively on said 1st stage and said 2nd stage. 
[Claim 8] The scanning direction of said 1st stage is prescribed by the 1st interferometer systems which 
measure the positional information of said 1st stage, 

The scanning direction of said 2nd stage is an approach according to claim 7 characterized by what is 
prescribed by the 2nd interferometer systems which measure the positional information of said 2nd 

[Claim 9] The approach according to claim 7 or 8 characterized by moving each of said 1st stage and 
said 2nd stage to a mutually different scanning direction in said relative migration. 
[Claim 10] Said relative migration is an approach according to claim 9 characterized by being earned 
out like the time of scan exposure of said substrate. 

[Claim 1 1] Said relative target is an approach according to claim 10 characterized by moving said 1st 
stage and said 2nd stage synchronously in migration. 

[Claim 12] Said relative migration is an approach according to claim 7 or 8 characterized by including 
migration of only said 1st stage. . 
[Claim 13] An approach given in any 1 term of claims 7-12 characterized by detecting the mark on said 
1 st stage and searching for the information for carrying out scan exposure of said substrate while moving 
relatively on said 1st stage and said 2nd stage. 

[Claim 14] The approach according to claim 13 characterized by arranging two or more marks left to 
said scanning direction on said 1st stage. ,ii»,i«j„„ 
[Claim 15] The mark on said 1st stage is an approach according to claim 13 or 14 characterized by being 
detected with the mark on said 2nd stage. 

[Claim 16] The approach according to claim 1 5 characterized by arranging two or more marks left to 
said scanning direction on said 2nd stage. 

TClairn 17] The information for carrying out scan exposure of said substrate is an approach given in any 
1 term of claims 7-16 characterized by including the information for carrying out the synchronized drive 
of said mask and said substrate by position relation. 

[Claim 18] The information for carrying out scan exposure of said substrate is an approach given in any 
1 term of claims 7-17 characterized by being the information about correspondence relation with the 2nd 
system of coordinates for controlling the 1st system of coordinates for controlling migration of said 1st 
stage, and migration of said 2nd stage. 

[Claim 19] In the projection exposure approach which carries out scan exposure of the substrate using 
the pattern of said mask by moving synchronously the mask with which the pattern was formed, and the 
substrate as a candidate for exposure, . 
The projection exposure approach characterized by detecting two or more marks left and formed in the 
predetermined scanning direction at the criteria member on the 1st stage holding either said mask or said 
substrates in advance of said scan exposure, respectively. 

[Claim 20] The approach according to claim 19 characterized by moving said 1st stage to said scanning 
direction in order to detect said two or more marks. 

[Claim 21] In the projection exposure approach which carries out scan exposure of said substrate using 
the pattern of said mask by moving synchronously the mask with which the pattern was formed, and the 
substrate as a candidate for exposure, 

The projection exposure approach characterized by detecting the mark formed in the catena member on 
said 1st stage while moving the 1st stage holding either said mask or said substrates to a predetermined 
scanning direction in advance of said scan exposure. 

[Claim 22] Said scanning direction is claims 19 and 20 characterized by what is presenbed by the 1st 
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interferometer systems which measure the positional information of said 1 st stage, or an approach given 
in 21. 

[Claim 23] The mark on said criteria member is claims 19 and 20 characterized by being detected with 
the mark on the 2nd stage holding another side of said mask and said substrates, or an approach given in 
21. 

[Claim 24] An approach given in any 1 term of claims 19-23 characterized by asking for correspondence 
relation with the 2nd system of coordinates for controlling the 1st system of coordinates for controlling 
migration of said 1st stage, and migration of said 2nd stage using the detection result of the mark on said 
criteria member. 

[Claim 25] It is the approach according to claim 24 characterized by for said 1st system of coordinates 
being prescribed by the 1st interferometer systems which measure the positional information of said 1st 
stage, and specifying said 2nd system of coordinates by the 2nd interferometer systems which measure 
the positional information of said 2nd stage. 

[Claim 26] In the projection exposure approach which carries out scan exposure of said substrate by 
moving synchronously each of the mask with which the pattern was formed, and the substrate as a 
candidate for exposure, 

The projection exposure approach characterized by to detect two or more marks left to the 
predetermined scanning direction on the 1st stage holding either said mask or said substrate in advance 
of said scan exposure, respectively, and to ask for correspondence relation with the 2nd system of 
coordinates for controlling migration of the 2nd stage holding the 1st system of coordinates for 
controlling migration of said 1 st stage, and another side of said mask and said substrate. 
[Claim 27] Said 1st system of coordinates are prescribed by the 1st interferometer systems for measunng 
the positional information of said 1st stage, 

Said 2nd system of coordinates are approaches according to claim 26 characterized by what is prescribed 
by the 2nd interferometer systems for measuring the positional information of said 2nd stage. 
[Claim 28] The mark on said 1st stage is an approach according to claim 26 or 27 characterized by being 
detected with the mark on said 2nd stage. 

[Claim 29] The approach according to claim 28 characterized by arranging two or more marks lert to 
said scanning direction on said 2nd stage. 

[Claim 30] The approach according to claim 28 characterized by moving said 1st stage to said 
predetermined scanning direction in order to detect said two or more marks. 

[Claim 31] The approach according to claim 30 characterized by moving said 2nd stage to a different 
scanning direction from said 1st stage in parallel to migration of said 1st stage in order to detect the 
mark on said 1 st stage, and the mark on said 2nd stage. 

[Claim 32] In the projection exposure approach which exposes the substrate held on the 2nd stage using 
the pattern of the mask held on the 1 st stage, 

The projection exposure approach characterized by choosing either of the 2nd mode in which a number 
smaller than the number of the marks detected in the 1st mode in which two or more marks on said 1st 
stage are detected, and this 1 st mode of marks on said 1 st stage are detected. 

[Claim 33] Said 2nd mode is an approach according to claim 32 characterized by detecting a part ot two 
or more marks detected in said 1st mode. ju u • 

[Claim 34] The mark on said 1 st stage is an approach according to claim 32 or 33 characterized by being 
detected with the mark on said 2nd stage. 

[Claim 35] The approach according to claim 34 characterized by detecting correspondence relation with 
the 2nd system of coordinates for controlling the 1st system of coordinates for controlling migration for 
said 1 st stage by detecting the mark on said 1 st stage, and the mark on said 2nd stage, and migration of 

said 2nd stage. . . f 

[Claim 36] The approach according to claim 35 characterized by scanning [ be / it / under / exposure / ot 
said substrate / synchronization ] said 1st stage and said 2nd stage. 

[Claim 37] The approach according to claim 36 characterized by forming two or more marks left to the 
scanning direction specified by said 1 st system of coordinates on said 1 st stage. 
[Claim 38] The approach according to claim 37 characterized by asking for the parallelism of the 
scanning direction specified by said 1st system of coordinates by detecting two or more marks on said 
1 st stage in said 1 st mode, and the scanning direction specified by said 2nd system of coordinates. 
[Claim 39] The approach according to claim 37 characterized by asking for correspondence relation with 
the scaling of the scanning direction specified by the scaling and said 2nd system of coordinates of the 
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scanning direction specified by said 1 st system of coordinates by detecting two or more marks on said 
1st stage in said 1st mode. 

[Claim 40] An approach given in any 1 term of claims 32-39 characterized by attaining selection in said 
2nd mode after performing said 1 st mode. 

[Claim 41] The approach according to claim 40 characterized by searching for the drawing error ot said 
mask in said 1 st mode, and applying this drawing error to said 2nd mode. 

[Claim 42] In the projection aligner which carries out scan exposure of said substrate using the pattern ot 
said mask by moving synchronously each of the mask with which the pattern was formed, and the 
substrate as a candidate for exposure, 

The 1 st stage where holds either said mask or said substrates, and it moves, 

The 2nd stage where holds another side of said mask and said substrates, and it moves, 

The control system which searches for the information for carrying out scan exposure of said substrate 

by moving at least one side of said 1st stage and said 2nd stage to a predetermined scanning direction, 

and displacing relatively said 1st stage and said 2nd stage in advance of said scan exposure, 

The projection aligner characterized for preparation ****** by things. 

[Claim 43] The projection system which projects the image of the pattern of said mask on said substrate, 

It has further the mark detection system which detects the mark on said 1st stage, and the mark on said 
2nd stage through said projection system, mtBtam 
Said control system is equipment according to claim 42 characterized by for said mark detection system 
detecting the mark on said 1st stage, and the mark on said 2nd stage, and searching for die formation 
for carrying out scan exposure of said substrate while said 1st stage and said 2nd stage are displaced 

[Claim 44] Apart from said mark detection system, it has further an alignment system for detecting the 
alignment information on said substrate, . 
Or fZ stage holding said substrate, the mark detected by said mark detection system and the mark 
detected bv said alignment system are arranged, 

Sa ^d control system isequipment according to claim 43 characterized by searching for the physical 
SiSSofS^oj«2ti«i reference point of said projection system, and the detection reference point 
of saS alXent system as information for performing detection by said mark detection system and said 
alignmenx^stem, and carrying out scan exposure of said substrate based on the detection result while 
*aid 1 st staee and said 2nd stage are displaced relatively. 

Claim 4? ^projection reference point of said projection system and the detection reference point of 
said aTigmnent system are equipment according to claim 44 characterized by being separated to said 

[CkT !6Hn C me n projection aligner which carries out scan exposure of said substrate using the pattern of 
said mask b> *movhig synchronously the mask with which the pattern was formed, and the substrate as a 

T^cS^ m^ber" y which two or more reference marks were left and formed in the predetermined 
scanning direction, 

The mark detection system for detecting said reference mark, 

ESKL scanningdirection in order <o delect said two or mote reference marks by satd 

Sta WnftTSS^^ which carries „u, scan exposure of said substrate using the patten, of 
sS , matk bj Moving Synchronously the mask with which the pattern was formed, and the substrate as a 
candidate for exposure, 

The criteria member in which the reference mark was formed, 

«o y "idlS meSo-a pSLnined scanmng direction in order to detect 

said reference mark by said mark detection system, 

The oroiection aligner characterized by preparation ******. 

SS S criteria member is claims 46 and 47 characterized by being prepared on the stage 
holdine either said mask or said substrates, or equipment given in 48. 

[Claim 50] In the projection aligner which carries out scan exposure of said substrate by moving each of 
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a mask and a substrate synchronously, 

The projection system which projects the image of the pattern of said mask on said substrate, 

It has the detection location left towards the synchronized drive of said substrate to the optical axis of 

this projection system, 

The alignment system which detects the alignment information on said substrate, 

A measurement means to measure the physical relationship of the projection reference point of said 

projection system, and the detection reference point of said alignment system, 

The proj ection aligner characterized by preparation ******. 

[Claim 51] Said measurement means is a criteria member arranged on the stage holding said substrate, 
Equipment according to claim 50 characterized by having the mark detection system which detects the 
mark formed in said criteria member through said projection system. 

[Claim 52] Said measurement means is equipment according to claim 51 characterized by to measure the 
physical relationship of the projection reference point of said projection system, and the detection 
reference point of said alignment system based on the information acquired by detecting the mark on 
said criteria member through said projection system by said mark detection system, and the inlormation 
acquired by detecting the mark on said criteria member by said alignment system. 

rClaim 53] In the projection aligner which carries out scan exposure of said substrate by carrying out the 
synchronized drive of the mask with which the pattern was formed, and the substrate as a candidate for 
exposure, 

The 1st stage holding one body of said mask and said substrate, 

The 2nd stage holding the body of another side of said mask and said substrate, 

The mark detection system which detects two or more marks on said 1st stage left and arranged towards 
said synchronized drive in order to ask for correspondence relation with the 2nd system of coordinates 
for controlling the 1st system of coordinates for controlling migration of said 1st stage, and migration ol 
said 2nd stage in advance of scan exposure of said substrate, 

The projection aligner characterized by preparation ******. namAno nilt the 

[Claim 54] In the projection aligner which carries out scan exposure of said substrate by carrying out the 
synchronized drive of the mask with which the pattern was formed, and the substrate as a candidate tor 
exposure, 

The 1st stage holding one body of said mask and said substrate, 

The 2nd stage holding the body of another side of said mask and said substrate, 

The projection system which projects the image of the pattern of said mask on said substrate, 

The mark detection system which detects two or more marks on said 1 st stage left and arranged towards 

said synchronized drive, respectively, .^(L, 

The alignment system which is prepared apart from said mark detection system, and detects the 

alignment information on said substrate, 

The control system which detects the mark on the stage which holds said substrate by said alignment 

system and measures the physical relationship of the projection reference point of said projection 

system' and the detection reference point of said alignment system based on each detection result while 

said mark detection system detects the mark on said 1st stage, and the mark on said 2nd stage, 

The projection aligner characterized by preparation ******. 

[Claim 55] In the aligner which exposes a substrate using the pattern of a mask, 

The 1 st stage holding said mask, 

The mark detection system which can detect the mark on said 1st stage, mm u Pr nf 

The control system which chooses whether the 2nd mode in which a number smaller than the number ot 
the marks detected by whether the 1 st mode in which said mark detection system detects two or more 
marks on said 1st stage is performed, and said mark detection system in said 1st mode of marks on said 
1 st stage are detected is performed, 

The aligner characterized by preparation ******. • , , 

[Claim 56] Said control system is equipment according to claim 55 characterized by choosing said 2nd 

mode whenever it carries out exposure processing of the substrate of a predetermined number. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 
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[Industrial Application] This invention relates to the projection exposure approach and equipment of for 

example, a slit scan exposure method. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0014] In view of this point, in the projection exposure technique of a slit scan exposure method, this 
invention reduces the effect of the drawing error of the pattern on a reticle (mask), and aims at enabling 
it to perform correctly matching with reticle system of coordinates (mask system of coordinates) and 
wafer system of coordinates (substrate system of coordinates). Depending on [ accuracy / of the 
matching ] a process, quick nature may be thought as important about this. Then, this invention aims at 
enabling it to perform matching with reticle system of coordinates (mask system of coordinates) and 
wafer system of coordinates (substrate system of coordinates) by the high throughput. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0015 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0015] Furthermore, in the projection exposure technique of a slit scan exposure method, this invention 
reduces the effect of the drawing error of the pattern on a reticle (mask), and aims also at enabling it to 
measure the amount of base lines which is spacing of the origin/datum of the exposure field of 
projection optics, and the origin/datum of the alignment system of an off-axis method with high 
precision. 

[Procedure amendment 6] 
[Document to be Amended] Specification 
[ltem(s) to be Amended] 0016 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0016] Moreover, whenever it exchanges the wafer of predetermined number of sheets, when 
performing base-line measurement, for example, while greater importance may be attached than to 
correctness to quick nature, it is desirable to perform matching with reticle system of coordinates (mask 
system of coordinates) and wafer system of coordinates (substrate system of coordinates) to coincidence. 
Then, in case this invention measures the amount of base lines for every predetermined wafer turnover 
rate, it aims at enabling it to perform matching with reticle system of coordinates (mask system of 
coordinates) and wafer system of coordinates (substrate system of coordinates), and its base-line 
measurement by the high throughput. 
[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0023 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0023] Moreover, the 6th projection exposure approach of this invention is set in the same premise 
section as above-mentioned invention. The alignment system (34) of the off-axis method for detecting 
the location of the mark for positioning on a substrate (5) near the projection optics (8) is arranged. Two 
or more marks for measurement (29 A, 29B, -) are formed towards the relative scan on a mask (12). The 
reference mark member (6) by which two or more reference marks were formed in the mark for 
measurement of these plurality and the location [ **** / almost ] is arranged on a stage (4). Whenever 
the reference mark of these plurality consists of the 1st (A [ 35 ],B [ 35 ], -) and 2nd (A [ 37 ],B [ 37 ], - 
-) reference marks formed at spacing corresponding to spacing of the reference point of the projection 
optics and the reference point of the alignment system of the off-axis method and it carries out 
predetermined number-of-sheets exchange of the substrate (5) Where the 2nd reference mark (37A) on a 
reference mark member (6) is observed by the alignment system of the off-axis method The amount of 
location gaps of one predetermined mark for measurement (29 A) in two or more marks for measurement 
on a mask (12) and the 1st corresponding reference mark (35A) is measured. From the measured amount 



http://www4.ipdl.ncipi.go.jp/cg^ 12/19/2006 



Page 9 of 12 



of location gaps, and the amount of location gaps of the 2nd reference mark (37 A) observed by the 
alignment system of the off-axis method, thus, the correspondence relation between the system ot 
coordinates on the mask, and the system of coordinates on the stage, It asks for spacing (the amount of 
base lines) of the origin/datum in the exposure field of the projection optics, and the origin/datum ot the 
alignment system of the off-axis method. The 7th projection exposure approach of this invention each ot 
the mask with which the pattern was formed, and the substrate as a candidate for exposure next, by 
moving synchronously In the projection exposure approach which carries out scan exposure of the 
substrate using the pattern of the mask In advance of the scan exposure, the 1st stage and this 1st stage 
holding the mask by holding the substrate independently, moving at least one side with the 2nd movable 
stage to a predetermined scanning direction, and moving relatively on the 1st stage and its 2nd stage The 
information for carrying out scan exposure of the substrate is searched for. The 8th projection exposure 
approach of this invention moreover, by moving synchronously the mask with which the Pattern was 
formed, and the substrate as a candidate for exposure In the projection exposure approach which carries 
out scan exposure of the substrate using the pattern of the mask, two or more marks left and I formed in 
the predetermined scanning direction at the criteria member on the 1st stage holding either the mask or 
its substrate are detected in advance of the scan exposure, respectively. The 9fo ^5*™^~^ 
approach of this invention moreover, by moving synchronously the mask with which *e Pattern was 
formed, and the substrate as a candidate for exposure While moving the 1st stage holding either the 
mask or its substrate to a predetermined scanning direction in advance of the scan exposure in the 
oroiLtion exposure approach which carries out scan exposure of the substrate using the pattern of the 
SffiSSk feJiSta the criteria member on the 1st stage is detected. The 10th projection exposure 
^2 om* mention each of the mask with which the pattern was formed and the substrate , as _a 
candidate for exposure moreover, by moving synchronously Two or more marks left m advance of foe 
scan exposure in the projection exposure approach which carries out scan exposure of the substrate to 
Ar P rXelin^ TscLning direction on the 1st stage holding either the mask or its substrate are 
detected respectively It asks for correspondence relation with the 2nd system of coordinates for 
Srurolnng mfgfation of the 2nd stage holding the 1st system of coordinates and another side of the mask 
aTa sXtrate for controlling migration of the 1st stage. Moreover, the 1 1th projection exposure 
apProa^ of^is invention is set to the projection exposure approach which exposes the substrate held on 
th -2nd stag^u ing the pattern of the mask held on the 1st stage. Either of the 2nd mode in which a 
S XKe nmber of the marks detected in the 1st mode in which two or more marks on 
fo'st s taTe Se detected, and this 1st mode of marks on the 1st stage are detected is choser. The 1st 
projection aligner of this invention each of the mask with which the pattern was formed and the 
substrate as a Candidate for exposure next, by moving synchronously In foe projection ah gne ^ch 
carries oufsceS exposure of the substrate using the pattern of the mask The 1st stage where hold either 
uiTmLk or its substrate, and it moves, The 2nd stage where holds another side of the mask and its 
sutsttate and i moves, It has the control system which searches for the information for carrying out 
scan exp^sTe of the substrate by moving at least one side of the 1st stage and its 2nd stage to a 
p^Sfcling direction, and displacing relatively die 1st stage ^^f^f^^ 
the scan exnosure Moreover, the 2nd projection aligner of this invention is equipped with the criteria 
membTr bywhich or more reference marks were left and formed in the ^etennin^ scanning 
Erection in the projection aligner which carries out scan exposure of the substrate, and the mark 
deteSon Astern for detecting the reference mark using the pattern of the mask by moving 
S^^ie™* withwhich the pattern was formed, and the substrate as a candidate for 
exposure The 3rd projection aligner of this invention moreover, by moving synchronously the mask 
^ Xh the pattern' was formed, and the substrate as a candidate for «P«J«^ ^ ^ criteria 
aligner which carries out scan exposure of the substrate using the pattern 

member in which the reference mark was formed, a mark detection system for detecting the ™*^<* 
mark Sid "a Migration means to move the criteria member to a predetermined scanning direction in order 
Hete^ theXence mark by the mark detection system. The 4th projection aligner of this invention 
lac of a ma k and a substrate moreover, by moving synchronously The projection system which 
protects theTmage of the pattern of the mask on the substrate in the projection aligner which carries out 
scan fxposu ?of the substtate, It has the detection location left towards the synchronized dnve of the 
suW^to foe optical axis of this projection system, and has a measurement means to measure the 
S^^atoSofS alignment system which detects the alignment information on the substrate, 
and the ?p^eSnreference point and the detection reference point of an alignment system of the 
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projection system. The 5th projection aligner of this invention moreover, by carrying out the 
synchronized drive of the mask with which the pattern was formed, and the substrate as a candidate for 
exposure The 1 st stage which holds one body of the mask and its substrate in the projection aligner 
which carries out scan exposure of the substrate, The 2nd stage holding the body of another side of the 
mask and its substrate and scan exposure of the substrate are preceded. In order to ask for 
correspondence relation with the 2nd system of coordinates for controlling the 1st system of coordinates 
for controlling migration of the 1st stage, and migration of the 2nd stage, it has the mark detection 
system which detects two or more marks on the 1st stage left and arranged towards the synchronized 
drive. The 6th projection aligner of this invention moreover, by carrying out the synchronized drive of 
the mask with which the pattern was formed, and the substrate as a candidate for exposure The 1st stage 
which holds one body of the mask and its substrate in the projection aligner which carries out scan 
exposure of the substrate, The 2nd stage holding the body of another side of the mask and its substrate, 
and the projection system which projects the image of the pattern of the mask on the substrate, The mark 
detection system which detects two or more marks on the 1 st stage left and arranged towards the 
synchronized drive, respectively, While the alignment system which is prepared apart from the mark 
detection system, and detects the alignment information on the substrate, and its mark detection system 
detect the mark on the 1st stage, and the mark on the 2nd stage The mark on the stage which holds the 
substrate by the alignment system is detected, and it has the control system which measures the physical 
relationship of the projection reference point and the detection reference point of an alignment system of 
the projection system based on each detection result. Moreover, the aligner of this invention is set t to the 
aligner which exposes a substrate using the pattern of a mask. The 1st stage holding the mask, and the 
mark detection system which can detect the mark on the 1st stage, [ whether the 1st mode in which the 
mark detection system detects two or more marks on the 1st stage is performed, and ] It has the control 
system which chooses whether the 2nd mode in which a number smaller than the number of the marks 
detected by the mark detection system in the 1st mode of marks on the 1st stage are detected is 
performed. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0029 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0029] 

[Example] Hereafter, with reference to a drawing, it explains per 1st example of this invention. This 
example applies this invention, when exposing the pattern of a reticle on a wafer with the projection 
aligner of a slit scan exposure method. Drawing 1 shows the projection aligner of this example, the 
pattern on a reticle 12 is illuminated by the lighting field (henceforth a "slit-like lighting field") of the 
rectangle by the exposure light EL from the illumination-light study system by which the illustration 
abbreviation was carried out in this drawing 1, and projection exposure of the image of that pattern is 
carried out on a wafer 5 through projection optics 8. In this case, synchronizing with a reticle 12 ^being 
scanned with constant speed V forward to the space of drawing 1 , a wafer 5 is scanned backward to the 
space of drawing 1 to the lighting field of the shape of a slit of the exposure light EL by constant speed 
V/M (1/M is the contraction scale factor of projection optics 8). 
[Procedure amendment 9] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 01 22 
[Method of Amendment] Modification 

[Proposed Amendment] , 
r01221 Moreover, although the technique of the above-mentioned example is explained about the base- 
line measurement at the time of the alignment of an off-axis method, it can expect the same effectiveness 
by application of this invention also in the TTL (through THE lens) method using the inside of the field 
of projection optics. Thus, this invention is not limited to the above-mentioned example, but can take 
configurations various in the range which does not deviate from the summary of this invention. 
Moreover according to the above-mentioned projection exposure approach, the effect of the drawing 
error of the mark for measurement on a mask can be small suppressed by asking for the parameter 
(offset of a scale factor, the scaling of a scanning direction, rotation, the parallelism of a scanning 
direction, the direction of X, and the direction of Y) which matches mask system of coordinates and 
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substrate system of coordinates by the least squares approximation etc. according to the location gap 
finally called for in each location of two or more marks for measurement on a mask. Moreover, 
according to the above-mentioned projection aligner, by equalizing the measurement result about two or 
more marks for measurement by the side of a mask, the drawing error of the mark for measurement ot a 
mask is made small, and the amount of base lines which is spacing of the origin/datum of projection 
optics and the origin/datum of an alignment system can be measured correctly. Moreover, it is while 
according to the above-mentioned projection aligner making it correspond to two or more marks tor 
measurement on a mask and forming two or more the 1 st reference mark on a reference mark member, 
Since two or more the 2nd reference mark is formed from the 1st reference mark of these plurality at 
spacing corresponding to spacing of the reference point in the exposure field of projection optics, and 
the reference point of the alignment system of an off-axis method, respectively, and equalization is 
performed also for a reference mark side, the amount of base lines is measured more by accuracy. 
Moreover, according to the above-mentioned projection exposure approach, it can ask for the 
correspondence relation between the system of coordinates on a mask, and the system of coordinates on 
a stage by the high throughput by choosing the simple measurement process by quick mode it needed. 
Moreover, according to the above-mentioned projection exposure approach, the correspondence relation 
and the amount of base lines of the system of coordinates on a mask and the system of coordinates on a 
stage can be calculated by the high throughput by choosing the simple measurement process by quick 
mode if needed. Moreover, according to the above-mentioned projection exposure approach, when 
exposing by the scanning method continuously to many substrates since the simple measurement process 
by quick mode is performed whenever it exposes to the substrate of predetermined number of sheets, the 
correspondence relation and the amount of base lines of the system of coordinates on a mask and the 
system of coordinates on a stage can be calculated by the high throughput. 
[Procedure amendment 10] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0123 
[Method of Amendment] Modification 
[Proposed Amendment] 

[effect of the Invention] According to this invention, the effect of the drawing error of the mark for 

measurement on a mask can be suppressed small. 

[Procedure amendment 11] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0124 

[Method of Amendment] Modification 

[Proposed Amendment] . . ^ 

0124] Moreover, according to this invention, the amount of base lines which is spacing ot the 
origiX^m of projection optics and the origin/datum of an alignment system is correctly measurable. 
[Procedure amendment 12] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0125 
[Method of Amendment] Modification 

EC^Sing to this invention, U can ask for the ^^T^tt^' 

system of coordinates on a mask, and the system of coordinates on a stage by the high throughput. 

[Procedure amendment 13] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0126 

[Method of Amendment] Modification 

[01 26?Mo^^ to this invention, the amount of base lines can be calculated by the high 

throughput. 

[Procedure amendment 14] 
[Document to be Amended] Specification 
[Item(s) to be Amended] drawing 1 
[Method of Amendment] Modification 
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[Proposed Amendment] . fl , . . 

[Drawing 1] It is the block diagram showing the projection aligner of one example of this invention. 



[Translation done.] 
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t y h%oy)m&tmmx&z>'<-*y'f>B(Dt\m 

[0 0 16] *ft, HAtf^-*5^yttW*3r^MS 

(D^IAi&^t Sftt(Cff-9 J^^Ial-^ Eft? <fc 

o t, Mt#tM? ns cttf&zt mc . ih)b#(c 

ffsis, uf-f;n*«* (vx^ina wxmII 
ct^iwt-rso 

[00 l 7] 

EBTffi»«OI»W1B«rt©^^* (12) ±<7>/<*-> 
(8) *ftLTX-f-S> (4) ±CD»« 
(5) leffftU *OBfrSJB«©BaWtR«KWLT«W 4i 
MtCVX* (12) (5) %p]WLT/M«-tS 

^X^ (12) ±©*©Br£*#0BiWS 

m& t )t>fc^nm<o'W-^®z&fo (5) ±ica)t-r 

5fittfc*J^T. VX^ (1 2) ±£*<D*Bttttft£S 
O^l^lcattOlH-Wffl^— ^ (2 9A-2 9D) ttBfc 

(3 5A-3 5D) ^JfM?n/c»¥^- 
7iW (6) £X-r-f" (4) ±CEIU ^X^ (1 
2) RXf&S. (5) %*OfflW«43i40^fcHWL 
T»»««T, (1 2) ±0f9»©t1-»JfflV-* J 
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c0rt<DIO»3|-iWlflV-^ (29A, 29B, ■•••) t 
X-r-i/ (4) KOWlE-rS&JPv-* (3 5 A, 3 5 
B, ■•■•) tcfiifni^iMiL> *tl6ffl»«) 

ttaa-fna-ko, (12) i«Sixf-> ! 

( 4 ) ±«ft«*fcG>W(&U8fl«*#a* tOT'feSo 
[0 0 18]*ft. *58WtJ:*»2©iaWIJIWjS 

(8) <Oia#K»IK (5) .hOffiS^tofflOV-^Ofi 

X. (3 4) fcffiHU VXf (1 2) ±fc*<Dffltt«fc 
-E^«/y|Ml(C?aS(W,1l(lWIH-7-^ (29A-29D) % 

iga l , mm¥& ( 8 ) coffin? ^ -;u f ft<omm& 

t*7 • 7ti/XJi3.to77<< *yV% (3 4) OS* 
jfifcWBPHJcWJS-rslHHI^S l OS*"*-* (3 5 
A) SlfI20P?-^ (3 7 A) mM^tltz&m 

■v-ttm (6) *xf-^ (4) ±tcgeai"So 

[0 0 19] ^LT, *7 • 7ti'7>Jj&<D7y'(*y 

(34) x-mwm (6) ±©s8 2©s*v-* 
20 (3 7 a) *wmLrcvmx\ -?x7 (1 2) *we*b 

JWlft^5iE<0^lR)t»»3-a:T, (1 2) ±©ffl 

S^stfllfflv-^WrtCO 1 OOltiJfflV-- {7 (2 9 A, 
2 9B, ••• ) Wf->" (4) iOSlOllpV-* 

(3 5 a) totea-rna^in^itsju, ^ne.a»<p 

yh^ (34) -T'ffi^Lfc^cD^2CDS?PV-^^itB 

-r - niJ;o> (8) oa«7^-^Krt©s 

•^^^•7 • T^XTfi^r^^Vh^ (3 4) £0 
30 gtpjSfc©raiH*#ii>**>01?fc5o 

[0 0 2 0] $fc, *awo»3oJ9»Jt)t^ii»» 
W»2 0ia»«}1WffiK*''^, (6) 

±tc vx^ (1 2) ±<oaa©w»jffl^— ^ (2 9 a 

~2 9 D) KtttESHtT^OsB 1 ws^v-^^ta3Sfla 
(3 5A-3 5D) ffMfS^Wc, cn^aaoSl 
<7) a fp^_^ (3 5A~3 5D) ^B^n^nSKJtt* 
^ (8) ©«)t7-r-/I/Kl*JO**jSi:*7 • 7*S^X 
teW77^^7hS (3 4) (DSHS^tOlHIifcWlS 

-rsp B ! 3PB-(: ; eo^2o»*v-^^aafla (3 7A-3 
40 7 d) mu ( 1 2) atfxf-^ (4) £^ 

(12) twffiawitiBilffl-r— J'tort© 1 ocoiti'Jfflv 

—7 (2 9 A, 2 9B, ■ • • ) (4) ±CDW 

(3 5 A. 3 5B, • • •) t<D 

077^^7^ (34) xmw&zomm^-tto 

rtCWlS-r***^-* (3 7 A, 3 7B. ■•■•)*« 
50 •7^'>X^r*075>r^>h* (3 4) TSSLfe* 
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0, jaBJfc*}** (8) <7)$)\;7 4 -)\> Krt©«W£ k * 

7 • 7 * wzfiiwr "7-<^yy^ (34) o«JW5 t 

[0 0 2 1] *«flH©SI 4 ©fifl6*Wffitt, x 

fmtvm^, -vx^ (i 2) hwwawwMfflv-^ 

(2 9 A. 2 9B. -) fcWj£-r4»W— f (3 5 

a. 3 5B, ••■) fcw^-n^noffiBfnm***** 

1 OOttMffl^-* (2 9 A) k^CDX-r-->*±tf) 
itl&rsS*"?-* (3 5 A) fcOffiBrtiB* 1 B7S 

mm\L, mim-?-* (2 9 a) tpv-^ (35 

A) fc0ffilW'«*1BJaWK:#ai>6S2l«4: : ^ 

<D3ifR S fife 18?** 6 ftfc * <7>a+ilffl "7 - * t * © 
gapv- 7 £ (D^n^f twtifM-f tiltc l^>tv x * 
(12) ±.<D&W&ty>y—y (4) iwtfWRfcOW 

[0 0 2 2] **gHJ]<7)I£ 5 <Dt2i*S8 )t>jj£tt, 1.'. 20 

tfi££[s]tB^ *7 • 7^->X/3^C07vY/> h^T? 
J|!pV-78tt (6) hcD^2CD»W-^ (3 7 A, 
3 7B, -) WLf;«f> (1 2) 

«J*W*3£lEO^lfiUi:»»*-&T, VX7 (12) to 
BUSOltWfflV-* ( 2 9 A, 2 9B. ■■•) OftOl^ 
OaffllfflV— 1 (35A, 35B. 

•••) t<Dim?nmzm%Mm-f%%i \ xst ; *7 • 

77 ->xH«77-f *y h&T-S*v-7gW (6) 
±<D^2<D®qiV-^ (3 7 A) fcgBKLfc-baf?, V 30 
X7 (12) ±(D}*IS«HtiWv-^<Drt©FlT^10 
©ttfflffl"?-* (2 9 A) fc» 1 CD»*Pv-7 (3 5 

a) t<D{m?tim*®%marmt%mzTMt ; * 

tlffl, Rtf*<E>*7 • 7^7X7jxtC07^*:/ hJR? 
i!^L/c^2 0aW-^£DfiH-rTm;D, ^<DVX 

[0 0 2 3] 35fc, *5Sfl0S6©4W«fc#ffil4* -t 

j^^fcHtflMMStfe^x, iaiJ)t^ (8) 

Iglcftfi (5) i:Wfflltt«)ffl©-r-'5"0ffiB**tt-r 
ZtztbOt? ■ 77 7X/jxW77^7h£ (3 4) 
£EHU TX7 (1 2) ±K*0«*Kfift!t4©^lfll 
KfcttOttWffl-*-* (2 9 A, 2 9B, • •) 
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0#l?P7-7fffl5jfcSftfcJS»P'*'-**t* (6) £Xr 

-•>-(4) L(cE[it, cne»*»o»*v~*«:to 

JSIB^&OlWj&i: *<D*7 • 77^X7^77:7^ 

%1 (3 5 A, 3 5 B. ■••) BiV®2 (3 7 A. 3 7 
B, •••) (dPt-^^M, JtttS (5) £rtr£1KS 

&T'«*Pv- 7 ffitt ( 6 ) 2 OlPPV- ^ (37 

A) *WRLfctt»T, ^X^7 (1 2) ±<D«&<Dtffil 
Jflv-7C)|Wfr&cr> 1 ocDg+ffii|ffiv-7 (2 9 A) i: 

W(5-r*aioa*T-» (35 a) t^is-rna^ 

Jpv-7 (3 7 A) (OffiHfftfU 9. *<DV*7±<0 

•7->x77x\:cD77-f *y y%<nmm&£<r>mm (^-x 

[0 0 2 4] 

{±» -7X^ (1 2) ±JC jSSJOltiyfflV- 7 ^Efib> 
-7gPW (6) XfcfiBL, VX7 (12) StfXr- 

-7 (4) ^y-v^yfu^xm^uh, znzti?) 

aittHlc j; o T . t X 7 k SSffiS^ i: «*£ft 
lt5/^p{-^ (fS*. ^S^OXT'-Uy^. 0 
Is. j£*>3lSl<0¥ffa. X77[6l&0 : Y7ft6]^*7-b>y 
h) %**SCkf£:«k'3, (12) XOatfflffl"? 

-7cO«5iBI^M^©S ; &'J^ < kA s Xf 5o S 

[0 0 2 5] $fc, »2©«»«)tt^t*tltf, VX 

7(12) (PjJ«ffli((DItrli|fflv-7(cWr§H+« | JIS^ 

¥mtt%CtlC£i9, VX7 (1 2) Ol+il'Jffl-7-7 
<Dm\WM(D&Wtt>btE<LX. (8) ^» 

^t77-f^>M (3 4) <DW&M.t<F>ffiWiT*$>%> 

««^i*KJ:ntf, S^v-7g|50 (6) ±(C VX7 
(12) ±<0«a©3t»Jffl-?-7 (29A-29D) 
WK««T*oa 1 ©3WlT-^**tt« (3 5 A~3 

5D) ffM-r^tttic, cnGsa^mi <0*¥-7-7 

(35A-35D) ^SJE-n^nSWitt** (8) OS! 
)t7-f-;UFrt©»Pjat*7 • 7^'>X^077-1' 
/ 7 h IS (34) flD»«P £ t WlSKItc WIS-T 5 BSWP* 
wm2©S*V-7*at»fli (3 7A-3 7D) JBfiKL 



(7) 

11 

[0026] -mc ^nmo-)m4om^ytmBcxn 

tf, i8i^x;l/-7'y b*lB!#£ftsm&J;:tf. 8S2XSI 
^2lfl?LT,tl!»lfflV-^ (2 9 A) (3 5 

a) twteia-rni^ Hii/citiiwiL, asuttfasRa 
js&k tf as i xn&nfr* &ctitc£t)< mmmc 
wr *> j8fc t c £ # T- 1 5„ ccDtu^, mix 

glCfc^T, Efc-**MH*lfflV-* (2 9 A) <D*%<D 
ffiKfr6©<ftK1"ft* (CM rv-*«aj 4: "MO , 
fcjRtoTHBti LTfct. S 2 XUfclCTr Lfc«&fctf* 

h £ ^it t (Dmtjo-) <)ima>&*. s c t tf r* t So 

[0 0 2 7] RtiKK. $5<DjS^Mft/ii*£J;fttf, ffi 
i^X/b-X'y h ft 5*t&Kte, 35 2 X8%aMR 
U77^^>h^(3 4)TS2(D«7-^ (3 7 
A) fcR^LfcttflTC, 1 0<D8tiiJfflV-^ (2 9 A) 
i:3f (3 5 A) fcOtt»fft**lS^ 

f 3 c £ »c «fc 0 , jfliltt fc *W £ ®;R£ t ffi/ct C i: tf 

aa* jR«>r en lt*> * , a? 2 xe**ff l fc*£tc 20 

[0 0 2 8] Sfc, 36<OflW*ifc7jffifc«fcfttf* »*S 
(5) H^if(5i;ft9flll 
(5) KWtrsfcfc, • Tti/XttWyJ * 
(3 4) ^2«I¥?-^ (3 7 A) *K«L 

rz*mr\ ioow«fflv-^ (2 9 a) am mm 
(3 5 a) fc©fiB-fn*feia;/£ttit*u c 

il^X/U-X'y hXftfflijtffffrft2> 0 
[0 0 2 9] 

1 icfc^t, [a^BS^ftfcKWT'c^tf eoiiycTtE 
«j fc:J:»>l/*-*/H 2±oA2-:ytffPES 40 

ft, *0/<*-V<^tffil&)fc¥*8*rt'L , t*x/N5 
±tcS»»)t*ft5o COBt, «3tt3tE LOXU -y h 
«©!HWW*KWLT, u*-*/H 2 tf 0 i o«ifflcS 
0TWWl6lK-ffiji*V1»i£*«ft*©t£:R>HUT, •> 

5 till 1 ©«iBtiWLT«^l6lK-^ai*V/M 
( 1 /M«:«IBJt^*8 0«/J»»*) ?>£*Sft*. 
[0 0 3 0] U**/H 2&t>*^i/N5COSgifim{CO^ 
U^/U£#&9XfcYfifi|S| (Hi© 
«ESi t fi ift & # Ifil ) K Mb 13 ft * U f - f ^ Y §g®J X r - 
S>1 OtfilSKSft, uOW/l'YfBXf-f 1 0± 5( 
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tcU^-yvUt»']»*T-^l ItfJSiSSft, 
WW'S/jXt- 5/ 1 1 .Lfc Uf-^/H 2 tfK-j£^- * y f 
fr(c <fc t> IRWfSftxVSo UX * ^'hlKS/lXT-^ l 
l tf, «HBit*3fi8 0)t«i»cfiB*iSrtTH l OSHfflfc 

fffftXWlft, Y /j 1^5 j ^ XF ID] f5 Xj |m] (0 7vlfi) K^ft^ 
ft«/J>ft^*taoKI»ftK UX ^ /H 2 <0tCtB9ISi%tt 
Oa ]y^^)lW\MWl^7—^\ Xhtc{i^fiSi2 1 tf 
ffiil2ft> U^^;UX^9±tcBaffl^ft/'c-X#Itl 4 
(C.toT, «ffifUff;H»'l*llXf-i?l l»X7i 
Ink Y ^IrD&O' 0 /JlMilStf ftT^So X 
l 4 tJ:0»6ftfcffilHMBS l tfX.ifiW^2 2 A 
tcm*&?ftT^So 

[0 0 3 1] ^X/^t? 1±K«, Ytt^K 

SP.f]@ffi4^X/NYflll§gl(jXx-v ; 2tf«H$ft> 
±lc X M^inikicn WSiiXr- *J 3 tf 

iiH^ft, ^(DXICZ 0l4SgK)Xr-> > '4tf^CtP.fts 
ceo z 9 WSBWX-r- ^ 4 i«iA 5 tf 
oTfiNSSftT^So Z 0ltt|gi()Xr-v ; 4±Kt^il 
^7tf@^^ft. wawcEKftfcTiMH 3(cd;0, 
Z8«»»Xr-^*4(OX^l6l, Y73|6jRt>*07il6lO{4 
iltf-tx^-^ft, X?MH 3tc<fc*H#&ftfcffill1W8 
tXSW^ 2 2 A»C«teSftTV^6. 2 2 A 

tt, *x/NSi»)8H2 2 B^/l-LX^XMYttSgilX 
f-y'2, ^XMX«lSgl/)X-r-^3, Z0WIK®)X7- 
- v-' 4 coteH?*i()i/if / F^»X 5 i: «fc . SB^ftOft 

[0 0 3 2] Sfc, ma?X§tf, ^x/NflJOX^I+l 3 
KioXgtSiJJftSffiftlfCiO^^ftSfX/NtfW* 
fc, U^^^fJlcOXi^ltl 4fC±-3TH-»J«ftSl*W= 
J;t))a)£«ft5U^^7l/ffi«l5S<OWtG%4:5/£*tc, Z 
0 WIBSiXX- iy 4 ±cd^xm 5 cofi^tca^-^^ 
6tf@^$ftTV^o C©»pT-*«6±fctt»»0) 

J;3tc§ffiS*v-^tfffM$ftXv^„ :ti6oa* 
v-^co^fcjj z 0 WiBiijXX-iy 4 ffiijic#tf ftfc-TO 
^(c J: 0 »1PJJ tf ?> fiSW« ftX i^SMSv- ^ , BP^^it 

[0 0 3 3] #fflOU*-*7U 1 2CO±7?tCti, 

•^tg6±offitpv-^i:U^^;H 2±ov-^ii%|Hi 

t>*2 OtfaflSftT^So CCDtf-a-< U^^;H 2tf6 
cD^rtlTt^^ft^ftUX^/bT^X/yh^Ml 9& 
tf2 0JCW<fc*O«lftl59-l 5Rlf 1 6tf^il)Sfe 
(cEH^ft, SftS'-^Xtffe^ftai:, ±$W 
2 2 Atfe.<D|g^(DfetT\ =7-K»«Bl 7Rtf 1 
8K iO^ft^ftffllSlS^- 1 5Rt>" 1 6li5ijiSft 
i> 0 Etc, lSSJ7t^8©Y7?r&]««JjBgi5K, ^x/n5 

• 7*->X2fiW>75'f /Vh*B3 4tfEH 
JftT^So 

) [0 0 3 4] Sfc, ±#W*2 2AKU4, ^U-^tf 
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6.fl)aTVF*A»^t*fcftO*-3|?- F 2 2 Ctf tttt 

•y > tawoai-iui^ff -5 /ctow * -r -y -7 f#& o , * 

H'22C£J>LT 2 2 A 

C, Ctob £f=r* 5 H tf, WMrtEt- F f ^ 'V 

[0 0 3 5]*K, ffl»liM)tSEiIttVT, 7X 

^7-T5ST'CD'>-'!ryX}co$K2 07D— + — h 10 

^mxLxmm^o 9ttmz ox-r-y 7 1 o ik*^ 

;H WfVTyHV h£fr? 0 03Ji, Bll^U^ 
^;H8'MiXf->* 1 1 klcWf-til l 2£ffl*j£-f 3 
U-f ❖ /I/ a- ?'&£ir< U c 3 <0 f ^ a - 
2ffl«U7^/l'7-Z>2 3 A&a'2 3 Bfc, c 
nbU^-^;U7-A2 3 A, 2 3 B(C)§SS^n/c7'-A 
|QlfEtt2 5t« Cf)r-i.|HlKW2 5^Iq1*e5^?>1!1IIe 
M2 6tJ;0MJnm. U-7-^;U7-A2 3 A 

&tf2 3 B^uf-^yi/itHffi^tt^n^nw^ttffl^ 20 

r.12 4 A&tf 2 4 BA«$nrt30, U*-*/U7-& 
2 3 A&tf2 3 B{i7-A0tH«2 5 £ft LT^n^'tX 

[0 0 3 6] Uf^/H 2<DO-FB#(Ct±, {5SA3T? 

U**;l/7-A2 3 Bli, «Afcf(WieT?fieffl*n/!:U 

,t0 tiot, Uf^l/7-i»2 3AK'l/f^;H 2 30 
^fl5*^T—^C0Hfi{c77'l'p< > hZntzfe, Is* 

tin 2t±u^^;i/7-A2 3 A±tnffi%a«ns. 

^{C, 0 2<?DXr-y7 P l 0 2K^t, laHte«fll26^ 
7-£,[h]$e«2 5«:^LTUf-^^7-A2 3 A%laie 

mm (%imum) ) offiiB3it^/n 2 

[0 0 3 7] COfct, *£«Sfffl<ai*2 4 At±, 

7/l/W»Xf->'* 1 1 ±o»»{Mi:ifi£Lfc#fii 

m(om%mcmbfdxmr\ 5^7-1*2 3 a 

UXf-y"l 1 (01#!SO .htcb^^/H 2^iit-§ 

/]*»*r-S> 1 1 ±.cOM:^i!S«[ffi{cUf-^;U 1 2 tfK 
SSfU U^?;H 2(DStti)IL-7cTtSfcUf-^^7- 
A2 3A«t5. Wf£, U-y^MS'hMXT— 
>>' 1 1 mm C 3 (DfifaiC Uf - ^ ;H 2 fcHBi* LTff 5( 
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< 0 coRKc, uf-^;U7-A2 3Ai:2 3Bi:l±54iL 
tf|n].l:LTV3o 

[0 0 3 8] 2 CD 7, r -y 7 1 0 3 WTT* 

1 2«77l'^> h£fr ^cDfcfe^MIRtfiMt 
tCO$,UiWS= 04 (a) «Wv;H 2±<D77>T 

( b ) tt * ;u±T«»)t**<o«JWi*7 -r - ;u F 

fc RttftfRJ* 3 3 R rtT'£D, X U 7 FttWBaWMWlfl 3 
■fifa*x-/jfa£.?Zo 04 (a) (C*3V>T, Uf-^/H 

2 jicD^^co/^-y^cDiDHictiJErtgPa 1 ftSB 

2 84:, 77^777^^b7-i'29A--29DS 
t/3 0 A-3 0 D tlC^6tlSo 6231©77^-f 
ffl77'f^7h'?-^ 2 7ii, £4?i|p]T'&3y#|o]K 

(D77^-?-ffl77-l'^>'h?-^2 8^ £2IflJtf)7 
7 ^_^77^^y(,7-^ 2 7 fcWKFWKfll^^tl 

[0039] */c, feia«o3(E3t*3 i t^y^~*m 

tCs y^[R|CifittLT7T>ry7^^>b^-f 2 9 
A, 2 9 B«?n, feja<W<Djl7tg|5 3 1 il77t- 
7^ffl77'T^>F-7-^ 2 7COffi77CD+^/^->i:c 7 5 

feitc , y xfaic-m LT7 r << y 7 5>r ^ y v * 2 
9c. 2 9D«snt^s. cne77^y77^ 

^>h7-y 2 9 A~2 9 DfcttftWKSaiHE^r-r 

777-r^yhv-^ 30A-30 D^wntfc 

t), :n677^>77-f^yh-7-72 9A-2 9D 
&O*30A~30 04 (a) X&mc+^W?- 

5 tLTn-sLz&ziimmcttznznmi (c) ^ 
-TJc-ytc, 3*<Dii*«/^->*x^i6iKmsiaiftn? 

RTr^HIWP 2 fflE^iJ Lit & ©t'J&5. 
[0 0 4 0] 5t-r'0 2cDXf-'y7l 0 3tU^> 04 
(a) £D^fflffl|cD57^-^)177^P<>h-7-^2 8 

^0 \<di<i- ^ivr => << * y v w®M (J-XT, trasm 

ftt&J 2 0-Ptta-T5o 04 (b) ti, CtDtf 

a-COR ASB^ia l 9Rtf2 0O^^H 2 ±T?<D|S^ 
pHMK l 9 RS.y'2 0 R^Tpb, f-*tT9lRC 

* n^nKJKMW i 9 r & tf 2 o r «t o t nwe* o , 

floW?/)S7t7 4 -;U F «tS*IS« 3 3 R <fc D fcttfcJ 
^yh^-7 2 7, 2 8t±*t< LT*5<&g#d55 
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< 1 % 1 . j»& u > xm-kz < * o 3 7s v 

RW)#WU«:-3*BI 5 LTiMWr*. 
[0 0 4 l] 05 (a) tJ, 57-9— ■ f-fWv'ftyh 

2 8 l-i^ < £ - y ax$cDji£:*:0* 0 5 

(b) tig] 5 (a) %«f'hLfcH-e*0, CCD0 5 
(a) atf (b) Kfc^T, R A^&2 OcDiKfifgcD 
ft»SH2 0RH cDftvi&WfcLT, U**;H 2 comg 

t *rt 5 / ^ - ytDtimmjt'. t ®WiM\& t oimmm 

ZURttZ. !/£oT, 05 (b) fc/iV*.fc$te. MA 10 
ROiE^«M«rtt77-9— ^ffl7v-Y / 7 hv-7 
2 8cD-AcDt-7 : /N?-7 2 8 aMfgSnt^S, 
m^t^t^-Y'-f ^^-y 2 8 a CD x r^Maif' y 
T'fcStf, *0ira±*cD77^Vhv-7 2 8 cD 2 tt 
fc»l/t 4 5 ° X*'&m%T>fa^ UP13 x M&tf y Mfc 

T> *©»**SE©RHC77-f *>h"^-*2 
o/ifct0xfl£«fttf ySWfc LT, 
2 8 a CD x Mat/ y li^^r*465o 
[0 0 4 2] ZntzMClt. iv.orm a (Dfiftf** I N 20 
T ( a ) T&"T t <D t LT, ^CDffl A R miEfiBOffM 
ZlrOMViOWtofflffZO Rh T^fS"tS«fi®ia»T.. 
fcStf- H N T (AR/w) +1} fc* 

s 0 ccd+>— ^-iirffi^«WR46Tfc<o ^ lt, raw 

<DtiW]ffifB 5 Lfc^cDffiA ROEfrfcOfRH 

K, WKtnfniW© U NT (AR/W) +11 
■OSSftSff A 5, B5, C5, ■ •■ -SriS/EL, 0 1 CD 
U-f t)l / MMW\77—y' 1 l£ffJJ]LT, ftWSJjMS? 
%XrytryyLTW*H5 (a) <DW%MKP2 0 R-r 

[0 0 4 3] 05 (b) (C>KtJ;-5lC, '>ft<£fc*SA 
R x A RcD-t-f-ISffl^i--^— 5 L W^CD7^^^ 7 
-7 2 8cD+^/^->2 8 alil¥ftU 

T, £CD7 ; 7-f'p<7h"7-7 2 8tCWLTf446^lo]ti:W 

^ y y-?—>; 2 8t0+'-?/^— 7 2 8 acD&tifc&tiJT' 

^ottcDinisaaii, «»snrc 

iiiffirtcD<fe7 -Y ycD^ft^5:to» LTt# 6 n5 HflMB^ 4C 

[0 0 4 4] 06&, ^cDi^ic^^^ycD^aig^/jn 
WLT»6nfc«*©B«M^**i*U 86 (a) atf 

( d ) Ji0 5 ( b ) 0*aS» A 5 Tiff btl^x #|n]& 
tfyfififc8J5H*fi*», 86 (b) Stf (e) 148 5 

( b ) nmWSSR B 5 Ti# x fiifei&tf y fifaicJB 

?Bftffif. 06 (c) atf (f) ass (b) <nm 
$mc 5 Titans x/jiaiftif y^ifttift^aflws^ 

£>3 0 0 6 (b) ©HflMBtfrfc Hf-^7-7 2 8 a CD 

xiiflitfjRi&fcn, 06 (f) <Dmmmfrh~\--?>^ 5 
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- y 2 8 a CD y 6 n3o 

[0 0 4 5] COtttCLT-9— f-fflUf-7;UV-7 2 8 
^lJC(i0 2cD7r'y7l 0 4 fc*3^ 

t , r a skhsk$ 1 9 ommmmc vm-i-m-m 
7£#i/jlt, mmaor^'Cty hv 

-*2 7©ffiH**tU*-*. ©U 01 CDS 

j!p v _ /; ^ 6 CD/ ^ - V ©JlHi^»»*ft»*fi*5fi 8 cDfg 

)t7-r-;u KWi-^fjLT, 

liS(W*' b P'/l L T 43 < o CCD J; ^ {eg 7 6 ?) 

y h -/-^ 2 7 fttf 2 8 ^arfiifil*^K}Wf5o 
[0 0 4 6] &L±<Dy->ry7.X\ 04 (b) cDRASI 
ttttl 9aif2 0©«*jW*l 9Ratf2 0RK*W 
5, 77+)"-^B77l'^>h-7-7 2 7 St/2 8<Dfit 
liat>* Uf - 7 ;uas«|R« ft»K» ^ S d i: 

t5o RA§H«McDm^1S«l 9Rat>-2 0Ri: 

i>x^««*fc©**fr**tt&tttttt* El 1 cDSSfv- 
^fi6±OSflS^-7€:R AIBW» 1 9ati2 OTl+iJ 

>77-Yp<>hV-^29A~29 Dat>"3 0 A~3 0 
Dfc, ffi¥v- 7|£6. .LCDS"* (ttxli) ii^ffift 

[0 0 4 7] fib, &i^&8CDW7XS 
*/M<rSfc*K. U^7;H 2±cD77^^7bV 

-7 £^ 7-9— ^^7 7 >f * y v ^ 1 7 t ^ yy <? 

7-f^yh7-^i:77i'y77Y^vf-7-^i:5:« 
j§v-7K-rsci:^-e*So CcDlf-^Tt, 05 (Ctin 

t>"2 0T7^^7b^-7cD^-^£PB^CtT-5c:£ 
tT'?5o 

[0 0 4 8] 77^777^^7 hcD->-7>7 

COli^TKWr***, ^cDHl){c7x/N7r-v ! ac>*b7 c 
7;1/Xt 1 -: 7cDl¥lffl»m^cot»i0fl-r5o 07 (a) 
ti7x/NX-r-7'cD¥ffi0T$>D, CCD07 (a) left 
^T, Z ettSglftXr- 7 4cD±(c7XM5ay»*v 

-^tS6«i?nt^So z ettsgiftXT— -7 

4 bKtt, X«ffl^»ia7 xatfY»ffl&f]0i7 YA^H 
3£«n, 7xm5±T04 (b) cD7s'J«y h«©!HIHflH 

T*»aws^ RiKMWi 9wat/2 ow* s; en ; e-*n04 

(b) (Dffimffii& l 9 Ray 2 0 RtftST-feSo 

[0 0 4 9] ^«)^7 Xlcti, xdlcTfilflo^f 

nsi$7t^«7 l ciiiiari77^ * 7 hsa 3 4 cos*^ 

%il«)tKtCitioTfl!l»H 1 LCDU— <f'-lf-ALWXa 
tfLW- 7bW$n, ^®)il7Y(Cti, Y*te¥fTftft 
) gStciBoTfflHl L(D2*cDl^— tf-tf-ALWY la 
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Q*LWY2/>W£*VtV5o SSHttPSKtt. ZettKM 
ZT-:J40)XWM£ LT, U— y-lf-i*LWX%ffl 

TU~+f-t:-ALWY 1 Jfttf LWY Z^n^tlffll' 
5=F»9fejH-illl3nfc*«MiY. &tfY, : <o¥Kg« (Y 
, +Ys) /2 /jll^tlSo f0l*l£l*g#JiYi 4: 

Y 2 £<Oigrtftt>Z OttiP-flXT— ^4(^1011^1^ (0 
/yi/.j) 0|M||Kl* s iTlilW5^So ^nbCDffi$Jcft-3V 
T , Z 0 WSBIftXr - 4 £> X Y TifiOffiil&tf 

[oosoitfic, .iii*t//in]-e* 5 y /iifijii 2 flaw f» 
ffsuc «k«»«*¥JSfkiii(i«t «fc oaai/Ti'*. s 

[00 5 1] 07 Cb) l±, U^;UXr-vWIB0 
T'feOx C<7)0 7 (b) fcfc^T, Uf-f ;l>YK»*f- 

— >" i o±cuf^^«M€ixf->" i i tmmt 20 

*Vi\,®L'bM%7>7-—i/ 1 1 tclix'llllffl»^f]fft2 1 x 
&tfy«ffl0 2ffl©SH«llft2 1 y 1 . 2 1 y 2«££ 
#fjM2 1 xtCttxttfCffifCU— tf-e-AL R 
xiWJtl- »»S»2 1 y 1 . 2 1 y2lClt*tl?n 
y «|tffit U-tf- tl — AL R y 1 , LRy2 

[oo5 2] <t>x/\X7—i?tmmc x/j-tiv&m 

y 1 Ktf L R y 2 ^r^ffl^S 2 {icDTl^-CIti'mn/c 30 
Ji^fiiyi Rt>'y 2 cDWfli (y. + ya) / 2ftm^h 

fc, WitfttWttyi 4:y 2 toS^SUf^/W 
lixf->"i i oitiife'/j'in] (0/jrwi) Wfeft^iitil 

[0 0 5 3] C<Dit£, j£S^|6]T-fc5y/ilfil«»»a 
2 1 y 1 , 2 1 y 2 t LTt±3-^*a-^3a©S»S 
JRtfflWBSttTfeD, IMI2 1 y 1, 2 1 y2T'SW 
SnfcU— «f-lf-i»LRy 1. LRy2«WFnte 4C 
8*55-39. 3 8TS»«tlTR«tlT^*. BP*>> 

ttlCfc-sT, U^/Wft'hffifjX-r-^l lOHRt* 

tcx u v htt<Dmmm®i 3 2 &tf r a§h^m 19,20 

(DKfgfiWU 9 R, 2 0R^KB«tlT^5. *tT. 

9 R&t>'2 0 RJSttfrfc, Uf-^H 2 4:0 
7 (a) <3DZ0WEI(lXT-^4%^'r'tS«lKfto 
T^3 0 COWtUT-^H 2fcZ0«Btt^r-s;4 51 



WUB¥ 7-1 7 6 4 6 8 
18 

*rt/ 1 2 fc*i^5fc©B*GMlft*fa±*-S*K"C** 

[0 0 5 4] 08 (a) tt> 04 (a) OUff^l 2 
£07 (a) ©»tpT-' ?ftt6±{cS^LT#P>nSU 
-^;Mil 2W&jflU c<Dms (a) KfcVT, 04 

(a) «77Y>77^ hV-7 2 9 A~2 9 D(C 
tttS&V-MI&Z 9 AW~2 9 DWt 77^^75^ 
^ yh7-y 3 0 A~ 3 0 DKtt15fcV-*«3 0 AW 
~3 0DWt^ftt^5. ^-*«2 9AW~Z 
9 DWM3 0 AW~3 0 DWte. ^tl-ffUaS (b) 

(c 7j<-r j; -5 fc, 3 -mum&<»> w - 4 hicbes l 

[0 0 5 5] 08 (c) li< SUST— »«6±<DS*"V 
-*©Effi£#<U CW0 8 (c) «lfV-^!6± 
tCti, 08 (a) <DV-*«2 9 AW~2 9DW&tf3 

0 aw~3 0 tmm-^iMx=tt\^timm^- 

73 5A-3 5D&tf3 6A~3 6Dtf#JSi£nTV 

So cn£»*pv-^i»^v-*i£6©SBfr^ a 

7b^^jS/j[«iT*?)Y7irS]{cp I flpa i l rzimnrdim^ 
i¥7-7 3 7 A«^nt^§ 0 r^i Lt±, 01 

hSS3 4C0»^4:C0^PST'feS^-X7 
-f>lfctSU^. »*p-7-^3 5 BR^3 6B 

Otf jS, 3 5 CSC3 6C W^&tfS^V 

-7 3 5 DSt>*3 6 DWcf^^^n^nY^^P^ 

1 L^tunfciaBK, 3 7 b, 37 cm 

3 7 DtfJBlKStlT^*. 

[00 5 6] 1?|V-7 3 5A~3 5D. 36A-36 
Dti*n€n08 (d) lC^1-«fc-5tC 7tfx7?1)«il 

8«;^-^ft^ii*sn, aocn?>a?pv-7 3 5 

A-35D, 3 6 A~3 6 D«08 (b) <D-7-7i!2 
9 AW~3 0 DW<DrtgMClR£3*tST&5o 
gfpv-73 7 A~3 7 D«, 08 (e) l^tio 

c, x^ifiiatfYTjifiiKm^^'y^^js^nfeifrF^ 

[0 0 5 7] 5fe-f0 2«X-r>y^l 0 5fC*3 

^T, Xf77"l 0 3&tf 1 0 4£OltffliJ^J:0f#P)nfc 
SS*^, Uf-*;H 2 4:RA«ifMll 9Rtf2 0fcO 

(a) ©77^y77^^>hV-72 9AM30A 
fc^-i-ven R AfS'ffi^ 1 9 & tf 2 0 OM^^M 1 9 R & 
tf2 0 Rrtlc^»)$-ti:?.o Xx-y^l 0 6tcfc 

l^T, 08 (c) oa?px'-7«6±(D»¥v-7 3 5 
AStf3 6 A%*n^n*ORSIS«l 9RSt>"2 0R 
i:ttSft«*SMSl 9WW2 0W (09#B§) 
•t& 0 cnic-fcD, 09 (a) (C7fN-rJ:9t<:, 
l 1 9WflTT-7$i2 9 AW4lfV-y3 5 AiltflHl 
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mmX' * , 2 0 W |*1 7 V- ? If 3 0 A W t 

6 kttfmmcmmT'Zz* 02 

OYAT-yfl 0 7K*5^T. R A SHAHS 1 9&tf2 0T* 
[0 0 5 83 0 9 (a) C*Jli»T», 30Pt-*«6 Jr. 

snrv>*. ia9 (c) ii&fsi* 10 

7 AtflRS otl^o LT, XU -y 
t IHJ^tC , 0 7 ( a ) (DZ 9 ttliXf-y 4 #±iJ 
(YTjfa) tC^lfi-fSOtlHJWlLT, 07 (b) cDU7 
^;W'!»xf-y" l ltfTII (-yfifa) 
Si:, 359 (a) fr609 (b) KjjVT.fc'SK:, S'^T 
-£&6 i:U^rt/# 1 2Wfctf"&SKY7j|pltciKo 
C<0i:£, RA«sil9. 2 0<DSS8I«1 9W. 2 20 
0Wfc*7 • 7^->^^S<075l'^>'h»B3 4 tit 

(V— *«2 9AW, 3 0AW. «?7-^3 5A, 3 

6 A. 3 7 A) frbvm D^wsn^-JS c^-^ 7 

f£2 9DW, 3 0DW, S¥V-^3 5D. 3 6 D. 3 
7D) Sf^lbt'fK. 

[0 0 5 9]ftf- 75-f^ymH*»OH9 (a)<D 
35 1 ©ftiMMTli, SSESWS i 9 W<DTtc^-^f*2 
9AWRtfSW-^3 5Aj5)^»?, «*1i«2 0W© 30 
T(-«V-^#3 0 AWRt>*»*V-^3 6 AtffcO, 
*7 • 7*^**©75-l'^>h»B3 4CDT(CI±« 

»7 -f 5 1 , X 7 >y ^ > 7®)ft K <fc o 7$ 2 CD^ ihftiH 
£7U7^;W£ 1 2WtS*P^— f«6 i:£P]WL,7$ 
ItetfSo $ 1 <Z>#lkffilT«S«* 1 9 W. 2 0W& 
l>"7^7 *V Y SB 3 4 C7Rcff ft L/c v-^#«ffi^ 
AjWt*nfc"*-*»"e« 9, $ 2 <0»ihffill"C«WMS 
«19W. 2 0Watf75>r^Vh8B3 4®Tfc#ft 40 
7SV-?mft^B)b^£ftfcV-*S¥ (0 8©-?- 
*«2 9BP, IflSv-?3 5B. 3 7B^)T*fc5o 
[0 0 6 0] W±©»&->-7yx£l?!3©#±<iiB& 
tf»4<0#±(4B (0 9 (b) ©#«£) tmVMtCt 
lc<fcD, U77;Hf l 2W«v-^ft>&tfS¥-7-^tk 

^D^^nfcv-^ffitoiitc fnfnR ass^m 1 

9, 2 0Rt>'^7 • 7 7->X/Ji^C07 ; 7^^>'h^B3 
4C*oTtt»ISnTI#^<i:fctCftSo II 50 
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2»Xf-v7l05~l 1 0©fjft7&3o CGWCL 

[0 0 6 1] 01 Ofcfcl^T, RA§H«tl 97i#e>ft 

-^3 5A^e.v-^»2 9AWJf«77^^yhi 
h;^AL t L7, 3 5 B~ 

3 5 Dfr&*nejv?~?«i2 9 bw~2 9dw£7© 

77^ ^ > h^M©^ b/l/£B L~D Lfc-TSo PUi 
{c> SfY-^ 3 6 Afr6T-^t3 0 AWSTO77 
7;< V hMMO^^ h^b^rA R £ bt, f 3 6 

B~3 6 D*^*tl^nv-f «3 0 BW~3 0 DW* 
7©7 7 7 * y V ^M©^ » h >l% B R ~ D R tt So 

ifv-^3 7 A~3 7 Dfr6W7-l'^>'hSi3 4 

[006 2] ^^^b;bAL. AR-DL, 

DRZWctZCT), m\<Dl<?-t> /biJcOT^It 1 4 7*1+ 
WStlfcxtflRlOfflMU SP^ia7 (b) <DU—*f-V 
-A L R xi&fflV^iSnfcffiflMl^^n^nR e A x 
-ReDx, mM^VfrM, AR-DL, DR%f 
fcfct©s 0 i obf>;HlwfM l 4 71+iSiJ^nfc 
y/i(pI<D^ffl, BP-%E17 (b) Clz-f-U-ALR 
y 1 , L R y 2*ffl^Tl#etlfc«*a«**n ; FnR e 
Ayl~ReDyl. R e A y 2 ~R e A y 2 £73o 
S/c, ^M^^h^AL, AR-DL, DRttmtztZ 
<0. 01cO7x/NiJcD7?*H+l 3 7*I+i»i«nfcX73fPl« 
ggl. gp-f507 (a) tf-tr-ALWX«rffl^ 

Tfi?.nf;iit^nfnwaAx~waDx, wm. 

^^7h;bAL, AR-DL, DR*Hftfc*0, Hi© 
^XAlfflfiltl 3 7l+fflSnfcY^l^^ffi#-ffl> SP 
t,H7 (a) OU- f-lf-ALWY 1, LWY2^ffl 
I'TibnfciSl^ftlfnW aAY 1 ~W a D Y 

1, W a A Y 2 — W a D Y 2 fcf S„ 

[0 0 6 3] S/c, SiaM^^ h;1/A0~D0«r^fcfr 
<D, *7 • 7^XM«77^^> l-SB#ffl£OTi$ 
I+7t#P»n/cX?7(Sj<0ffim Bp-%0 7 (a) ©U— «f 

A0X~WaD0Xtt5= C<0^-&, 07 (a) {Ctin 
7J;9tc y 7x/NiPJj£DU-+f'-e-ALWY 1 . LWY 
2<OX^|Sl<DfHIBa I LT&<0, \y^^)im<DU-^f- 
tr-ALR y 1 . L R y 2 ©^x/nWCOIBHW: R LT* 

[0 0 6 4] 0 1 OOKM^^ h^AL^FO** 

>3-tcot»iWrSfci6k:, 01©RA§B^l 9£« 
^WffltcUiW-rSc 0 1 ltt, RASM«19St>"C(D 
SPW&%7"pU CCO0 1 Ucfct^T, Z8ttlfgll)Xr- 
v ! 4COH^ c fc , 9 7 l 67r7/ < ;-4 4£/t-LTS) 1 £7t£|5]i; 



(12) 

21 

i&&<Dmw-%E l#z QmmmxT—VAcoiHmcmfr 

UyX'4 5A, lf-AX7V-y*-4 5 B&tfU>X4 
5 C £*ST PV- ^ & 6 ±©*S*V- * 3 5 A ~ 3 5 

l/yX4 5D, 1^X4 5 E, 57-4 5FSa' 
U>X4 5 C*8TS*v-*«6±©SW-* 3 6 
A~3 6 D%WLTV^5o 

[0 0 6 5] W7ttf»P^-^ 3 5 ASrJUlLfcftkL 10 

4*VhV-92 9±fc*0**V-* 3 5 AOfcfcIS 
flfc-fS. 5 ACOftSy'77-r^yhV 

U>X4 0 B*gTA-757-4 2KJ1U />-75 

7-4 21*2 isnfcfttf^n^n 2 #tcc c d * 0 

4 5 X 4 3 X Rtf Y ttfflWflMMS? 4 3 

YOflSfcifiKWH-frSo cnb«(»t4 3XM4 3 
Y CDffl#iBtC fct^n^ftH l 2 (a) »CjjVf .fcoft, 7 
r^y77^^>hv-^2 9AMl*-7-^3 5(l 20 

3 5 ARaHSbWSjesftSo c^fo, xttfflwatii-n 

7-4 3 X©««affi4 3X ali, 7XMXf-^WX 

fcStf, Y*fflO»**?4 3 Y<0»«M4 3 Y a 

¥xfeS^^(«ltY7ifn)T'fei)o 
[0 0 6 6] IfoT. mmm-T-4 3 X«I«tefS4 X 

2 9 A £ W X ^flfiilOttll-f ft*tf #**> b ft. tHW 4 

3 Y OSfiWi^ S 4 Y ©ftqfiWfr bS^- * 3 5 A 3C 
t77-T^Vh'7-i'2 9Ai:(0YSlol©ffiifnW 
3M>6tt*. Cft»I^S4 XRtf S 4 YAWS* 

g^H4 1 t^n&snr^So 

[0 0 6 7] cfcO^C, ft#AtfttSnfcV-*P* 

ASBffittl I 2 (a) fc*fr£ftTt^*7 

7^^yhV-^29 At«tpv-^7^3 5 ARt%W 
^fcWJfTft. 2 (a) fcfcl^T, «jrc-Hi: 

nfcflM* Bffi 43XaStf43Ya rt^iti^ S 4 X 

atf s 4 y t>\ m msmmm 4 \m-7i-a 9/? v * 41 

(Dxt^±<Dii^r-^«, «^«yi«B4 irt-e, x 
M&rf y «T*ai tc im»¥*u * n, /ra»¥^ $ ftfc x M 

fflCDHfifgif S 4 X' &[fYifflO|(Ha^S 4 Y' it 

wfttgii 2 (b) &t>* (c) t^snsj^K* 
[0068] c<o«tLrff6nfcfi^*fli^ffla«B 

4 1 T'ffiMl&PItZk.. 1*1 1 0«)U^;H 2£D-r-^ 
ft 2 9 AWtWv-?1&6CDS*r?-^3 5Ai:OX J 
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^i&]Rt>"Y/fif5i<DfflWW*te!i-r*nAL' « atfAL' 
a ; Y>jifi]offlWW*ffiffl-rnAR' . rimr' » 

fe^nSo IhI*K, HI 0<OV-*«2 9BW~2 9D 
WtSfv--) 3 5 B ~ 3 5 D fcOfflWWfcffiB/f tU 
&tf"?~*«3 0 BW~3 0 DWtlf?-^ 3 6 B~ 

3 6 d fcwffittWftteB^n^jRftsn*. 
[0069] u>*u mz.nm \ 2 (b) cDT^^^y 

z f'M\ i: 71^ MMcD^ft £ £ o X&m^WittlX 
l^S„ ffioT, ix.i^Atfl«n/:V-^S (01 
0(02 9 AW, 3 5 A, 3 0 AW, 3 6 A) Sritil] UT 
1^6 RW5 * ;HBOT#W"©ll , 8ll*« R e A x . Re 
Ayl. R e A y 2 $XMflJ<O^#tt08tW£fflW 
a AX. Wa AY 1. W a A Y 2 fctdttUT, ftXf— 

T'MiReAx, AReAyl, AReAy2£, A 
20 WaAX, AWaAYl, AW a A Y 2 £#£1* 5o C 

^al' « , a l ' v (ctsntt^o 
[0070] tc-p^coi^fc, mifc&mbnrc 

tf, Ell 0O79-T>«>hfiao^H^ALOXia» 
AL.StfYlS^AL. tftSo fib, JfeSfcfe^T 
(1/M) liS^8«i'l^lt**!) 1 I L&tf 

r l tt^n^na 7 -entw bfc»T:-fe?>o 

[0 0 7 1 ] 

30 [Sl] AL,=AL' ,-AReAx/M-AWaAX 
[0 0 7 2] 

[St 2] A Lv = A L ' y — A R e A y 1/M- { (AW 
aAYl+AWaAY2)/2 - (AWaAY2 — AW 
a AY 1) • RL/I LI 

[0 0 7 3] IHUfcLT, HI 0C77^^fMO 
^^b;UAR©XfiSt^ARx St/Y^ARv 

[0 0 7 4] 

[153] A R» = A R ' « -A R e A x/M-AWa AX 
40 [0 0 7 5] 

[»4] A R v = A R ' v-AReAy2/M- i (AW 
aAYl+AWaAY2)/2 - (AWaAY2— AW 
a A Y 1) XRL/1 U 

[0 0 7 6] ^7 • 7^^X^C07-7-T^>h 

gg3 4lC<fc9i#P>tt5*Sm£ffiIELT'#P.tt301 0 
£D^S^^ b;l/A0~D0fCOV^Tllifl'tS*V ^^^c 
SMC^£D7^*y b;£B3 4©*iaiKO#Hl 3^# 

[0 0 7 7] El 1 3(i> ^Vb*B3 4C0tg 

50 fiSc^r^L, C<DBI1 3tC*3^T, a*T-^tS6±(DS 
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- 7 7° U XL 4 7 K AW I- , m- 7 7 «J XL 4 7 Tfi» 

Vl-'^ (WT TF 1 Afti*&J 4 8tC|i'ijM\ 

, ^_ 7 a =y L fc )fc tf> ^-r o 2V > tf - «t 

h )t^£ (W F ILIA /£^&J I ^ ) 5 2 (C XW-T 

[0 0 7 8] Jfrf, F I A)t¥IM 8«fr^a»wr* 
fc. »)fiiM 9frb»iMliF 1 AJfc¥*4 8£J£ 10 
fclfe, M-77UXA4 7&t>'(ifnl5v-4 6iaot 

SO, F I Aft^&4 8£ajSLfc7ttf/v-77l>XA 
5 0 AfcAJtU m-7XUX2»5 0 ASML/cftS 
#2#7cCCD<fcDft5'Xttffi0a«Si : P5 1 X<D«« 

~J~T X ) XL 5 0 A T*RM« nfcrtlfctf 2 #7t C C D <fc 9 
ft^YiWiffloWtftjR^s l Y©««iffi±k:aqiv— {r« 

[0079] znennmmm-T- 5 ixmsi yoi 
Mfihtti, iai4 (a) c^-r*3ftH«tfis»sft 

WMT'&O, 131 4 (a) ttt*©*^©'**- 

«BT-* (JSflh?-*) *4 8 X 1 . 4 8 X 2Rt>*Y 31 
fifamom&Fr-tfc* 8 Y 1 , 4 8 Y 2 #*3»£ttT 

- * fi 6 iffliiv- ^7 ©fiifflfclftmi- £ £ t "P t 

<o>o 

[0 0 8 0] RttWfctt, 01 4 (a) <D$>X°Xfi\pl£ 
1 XaSO'YW^M^ 
<Dffl$«5 lYa/C, *n€tlHl 3CO}l#«-T5 1 
X&tf5 1 YT»8tStt5o a#^5 1 X&tf 5 1 Y 
©zK^iiSJao^lfiltt^ti^ n X ^i&j&tf YTjfoj t tt S 
ft^lftlT»0, 5 1 XRtf 5 1 YO^iVftKD 4 

a#ffi^ s5x&tfs5YtfHi3 wmmmm. 5 6 
tiftiesns. 6th, »«fi«t s sx 

&t>*s 5 Y^n^n/jps^jLT, mi 4 cb) win 

$<i^ S 5 X ' &tf H 14(c) OBflWB^ S 5 Y ' £ 

$ii¥4 - 1 6 5 8 9 ^tcF^$nTi/>?.o 
[0 0 81] fcttitt**: #H 1 OOS'^ 
7 A©«&K, HI 4 (a) ©B«fflffltJ;») 

#e>n?>, SMpv-* 3 7 Ato^x'-^^w-r^xT 1 : 



) &t#i¥ 7- 1 7 6 4 6 8 
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tf AO' n t-r?.c C0fc*0«W-^«60ffiBtt 
7 x; NffitS^Tif 11$ nr ^ £ <0T\ ^I+illq^fr & 
Bl 7 (a) <DZ 9 WMh'A-f- "J 4 0>j§t£8S£&tf HN5 

AO« &t>"Y»Jt»AO, fiU 01 3«F I A 

ft^lM Stcm-tSXfig^AOK Rt>*YfiK^AOv * 

wFftAOn so-'Ao-r t-r^o en^> xfthmzn 

0 [0 0 8 2] 

[»5] A Or, =AO' rx - (WaAOX-WaAX) 
[00 8 3] 

cik6] 

AOfr =AO' rv - (Wa A Y 1 +Wa A Y 2) /Z 
[00 8 4] ~~H, Wl 1 30)L I AJte¥&5 2*£tr7 

L 1 A7t^5 2, /N-77UXA4 7%aiflLfc&, 
I Ait*3R5 2*aiiLfc0#f3ttH:, /n-77°'JXA5 

o b -c 2 »M s nr x -/j-i^ffl^S^*^ 5 5 x Rtf y -n 

fplffl©S)t*-T 5 5 Y \Z So 
[0 0 8 5] COBK. L I A)t^3S5 2rtT-U— lf3t 

jwt^ajt*? 5 4 -esjtsn, *o»t*?*»6tt« 
ft»A f ©#^#s 6*^m*«n5o *ne>2 
30 ooHSSoSftSU— «f3t ('Nfn^ye-W * s 

jpv-^tcfiaW^n. ^•<D*'*x'-^{i: s J;?. ; 5-n?)2* 
CDb-+f')tCD± 1 &@*f3fctf, ¥fffC»^-7— ^1S6{C 

■7-^(oxa5«t&tfYffi«u:iEi;T8fk-rs 0 ^tr, 

g^*iF5 5 X*^ti, SUSt— J'OXffiffKlEUTffl 
ffi^tLT^SflfiftA f <Dt£-U3#S 7XtfWfi 

40 UTffiffitf*ftbTI#^JB»»A f oe-hfe^S 7 Y 
*<W^j*n, #iffS 6St>"t:-bfM^S 7X. S7 

[0 0 8 6] ftUiWftOSW— 1 0CD®PV- 

^73 7 At-rsi:, lai 3<^ffl^5aasB5 6ti, 01 

4 (d) (C7rvtJ;9(c, #,^fi^S 6£\£~Vm^S 7 
Xi:(Dteffl?lA 0i cfcO, St(SV-*3 7 AOXfllRj© 
ttB-fnAO' li ^>Ri6, 014 (e) ICtt^J: o lc> 
#Ha{g^S6iie-hfi^S7X^ODfSfflllA0« <t 
0, S^v-^ 3 7 AcDY7j[S]<D<5B-fnAO' u 
50 J6Sc COtHMa**»6H7 (a) <DZ 8ttlg«]Xr- 



25 

v 4 <Dmm{$.)kvmmm'} i ^mtf. hi oojs 

AO. StfYlilcftAO, SfnfnAOu JfetfAOiY i: 
[0 0 8 7] 

[&7] AOi. =AO' u - (WaAOX-WaAX) 
[0 0 8 8] 
[ft 8] 

A On = AO' w - (W a A Y 1 +W a A Y 2 ) / 2 
[0 0 8 9] W±©«ICLT, H 1 0©??HlAtfttSft 
feT— -fflfWiaiTT^^/y h*i : i*>t, AL. , A 
L» , A Ri , ARi , A 0,« , A Or, . AOu , AO 

a *h* * nfc-r- * *t d tm * nfcv- * iff 

£T'<Dg|»&iTOCi:(Cj:oT, 3 2il (=8x4) © 
r- 6 ttSo cne.3 2fil«)f-?OrtT' 1 R 
A 5I'<»^ 1 9 &D* 2 0 (C <fc 0 f# 6 titer- 2 
?Dxn, Dynfcl/CEHU t7 • 7^->X^©77 

^ y M^ffi 3 4 e <t o % nfcr- 2 %^»]f f - £ a 

xn, AynfcLTaattWSo »ftttH2flXf7 
7111 tSfTtS, 

[0 0 9 0] S2»Xf'y71 1 HCfc^T, RASSi?* 
Ml 9, 2 0fcJ«51"*aifflr-*D. . D. tWL 

[0 0 9 l ] 
[&9] 

— R x-(w+0) l[D 

0 R y D 



L5X. y J 
[Fxn]_f R 
|Fynj~[R 



[0092] *fc, x^iai&tfy^ifiio^WBasase 

[0 0 9 3] 
[ftl 0] 

[£xn 







x n 




I- 




y n 





Dxn I 
Dyn J 



[ Ry 



x ~R *-(&>+ 0) 
• 0 l-Ry 



Oy 



[0 0 9 4] ^-LT, CftCbimB^M (e» . e™ ) 

OC^7^-?Rx, Ry. 6. Ox, OyC0fifi£ 
Stb-rSo CCT'x77|fi|<OX^- uy^/^^-^R x 

t^xMffi^^osa^iti] (yfifa) <nx>r-vyV so 



(14) WUH¥7- 1 7 6 4 6 8 
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■y h/S? ^-?0 xSctfO yliPi#<Ox7v|n]StD*y/flr>] 
[0 0 9 5] IH2<D7T'y7l 1 2Ectf 1 1 3K 

? i/zyjj&nr 9 -< p< > h sih 3 4 -rati) s nfc r- * 

A.„ SlfA™ W^feJffl^^n^n <A x> <Ay> 

io t lt> y\m\wm<n*y*v Mi ( <a 

x>-Ox. <Ay> -Oy) fc*5o ftoT, 
/>hffi|{C«, EI 7 (a) OU— «f-tf-ALWX%ffl 
^* flMt («T, r«3tfflT»lfLWXj tW« 

7 • T^i/X^fflT^+LWor J KVm^ 

tt, gHMS tifcr-* A- St/A* cffii^?n?n 
<A f x> &r>* <A f y> ttSo *UT, ^7-tr>y h 
(<Afx>-Ox, <A f y> -Oy) <D*7-tv h 
20 ^07 (a) (DU—f-e-ALWY 1 , LWY2. L 

«HI*ff*lfJ:^o -^r, g]l 3 <0 L I A Xfr%5 2Z 
femt%t%&lCli. 3ti»l£ftfc-r-£A w &tf A w ^¥ 
Kltt^r^n^n < A L x > fttf <A L y> i:f5o 
T, -r-^ritWatWffit- (<ALx>-Ox, <ALy> 
-Oy) <a*7-fe«y h%fcfc-a-ftlf&</\> 
[0 0 9 6] ftfe, «±<OffiiE^^(i, TsT-VWRfo 
O*«PME«0R % S^Pv- ^ 6 ±coa¥v - ^ K S-^v > 

30 mtf»»^-^*6±0»PV-*3 7 A~ 

3 7 D^jiS M«<I|1PN c ©!S*tt±"e Wttffl 

T'«^-7 • T^v-XUffl^i^ltLWoF <OK*fi (H—f 

}$|+LWXO^«i:, ^7 • T^i/XWfflT^ItLW 

S)g Lffl^f »H-fiKS"3l/ 7X/\ 5 <D\m.^t>^ 

40 [0 0 9 7] CfttCttUT^ MA(fB7 (a) KfeV^ 
T, Xr-i>'*^^S^Il6 ; &Xttffl(D^lli^7X^-r 

(a) ©ttSg-e, «3ttffl=Fi!WH-LWX©l«»*, St>"* 

-< * y bmctt, m*.imm-?-tte6 ±<Dmm-?-t 

37A-37 D*m%mm*t«0®Wl%i7 XicWt§«f4 
ft0«r U— <ftr-ALWXt LWrF.fcOHPBI 
L%ffl^T, ^7 • 7^->XHfflT»$ItLWo f (OM^ffl 



(15) 
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28 



r>**7 • T^^xWfflT-r^+i-Wur w&t&ffifc^Si; 

[0 0 9 8] ^c, WWr-^D- . D>. tt, fi'^ 
ii, jRto^nrc^^^-^R x, Ry. 6, a). Ox. 

x/ m£#,&co§>i £ K J£ T **** 6 ** 5 nfc*f SIS 
(r - . r»n ) tcM^TUT^l^SWntf&^o 
[0 0 9 9] 

rail] 

r x k + y; i i r x n i iux i 
R y 



10 



r x n 
Ty n 



-R x-(^+6>) 1 [r xnl [O: 
Ry J[rrn1 + [0 : 



[0 10 0] commute. hOx, Oy 

ifcL-m ( <A x> . <A y> ) hfcfliE 

[0101] JJt±©*fc***tWKJ:ntf, 1 HOWf- 

;l/77^^yh SU*^-X7^ > icof - x <y 7 9© 30 
T% Uf-^/UQflS^Hi:. Uf-^/l/Stf^XMCDfitli 



( X AIM) K fe^T **«) »7- 7 *HB»IC W*T * 

'4»sr«6 6 art J; s iKM ««4 1: a 

[0 10 2] LfrL&#P>, &&fifaVL&W&*-* 1 & 

1 3<DL I Aft^&5 2*ffll\fc«yi*fT$PRte» Sft 
5 X&t>"5 5 Y<DtH73«*ffl^T>j7XM7.T-^ 
(Z ettiPJjXr— ^'4 30 <7)ffiH«:a-y^LT, U?" 
7 ; 1/ 7 v << * y h & U'^ - X 7 y ■ f- x y 7 £fr z. 

0|<Dl'?-?;l/V-7ttU?-7/l' 1 2<D4PPIgfl<Dat8fgP/r 
K EH S ttT S . c m± Pf - 7 rt/0s«& £ 9 x; y£« 

/(^-JRx, Ry, 9. a>*<&ET*fc0, 

[0 10 3] Sfc, U^7;l/ 1 2i©Uf^^-*» 
4nttSi« 4-7-b-y h'V7*-*0 x, 0 y t± 1 / 

5o lot, Uf-^;l/-r-^»n%«ttirr*8«*U4'h 
mM&if^- 7 5 -T >M©§gM t <Dm%* *s ^ a. u- 

(0 4 WTOtf SO**, «tPffl^ o <D 3 
[ n m] T'Sto 
[0 10 4] 

[^1] 





RX, Ry, 6 , a> 




















X 


Y 


X 


Y 




4 


9. 59 


10.96 


8.8 


7.2 


16.00 


8 


7. 10 


7. 92 


6.2 


5.1 


9.43 


1 2 


5. 86 


6.48 


5.1 


4.2 


7. 77 


1 6 


5. 03 


5.80 


4.4 


3.6 


6.83 



[0 10 5] U±J:Dl/*-*n/V-*ftni68fli:1-* 
Ci:lcJ;0, Uf-^^fliBBUS^SOnm, Xf- -7co 
Xr-y t!y^l% l 0 nmi: LTt, Uf^;l'774' 
^> hS.y > <-X7-r>l'7)^x'y ^^ISS^ l 0 nm 



[0 106] C©RUC»r7-*«6±©>**-->? 
BW«*3R 8 OrV 7 h - 5/ a yWm.1f%i®& 

50 tfRaattftw^o ±jas**w-ctt, 0 8 (c) tc^ 
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■r«fc3K, Jgtpv-*«6 Jr.K«ipv-*3 5 A~3 5 

Dimvmm e.n> wis-*-* 37A~37DtBta 

3 5 A&tf 1 f|S|«ffifv-^ 3 7 AO^?:ffiffl LT 

[0107] *mmm2'mmic3%, 0 1 5 

(cH LT , ±xM 1 IgffifflQ 5 )l7v^^yht 
- F & 7 71/ 4 ffl<D7 r Y >7 7 -f ;* > h * 
29A-29D, 30A~3OD%ffifflLT. 7r-<> 

y VWM. Xti + yfi ifiuo Uf - 7 >u&«& 1 9 x/ n 
*«3fii:0¥tt«*^h«^*^«Ktt, 1 i«7r^f> 

-X^-Oiftil^'fT^ct^^LT^cfc^o c©<fc-5K l 

l6W)fc*-(Rx) «+i»K n-r-S/3> (0) !t»k & 

*>hv-*29A~30 DOfltBIRJStf/hS^C fctf 
^fcfrfr o T 1/ > 5 fe s iiffl-T S C i: T* 1 3„ 

[0 10 8] CCf'f'yi't-Kttt, WAtf, 1^7 
)l> 1 210 1 »«7r^>'77^^>F-7-^2 9 A< 
30At, g*V-7>K6±a> 1 3 5 

A, 3 6Ai:, P7-«6l»10(Dl¥7-^3 

7At^l$ot, #7**77fl«]£Hg^ (Rx) ,itiK 

p-f->3> (0) atiffl, &tf^-X7-f>ttW0 3 

Ktf)^, l»077^>77'f/>hV-^2 9A > 
3 0 AOffiHKSfcHuE-r^fcftfctt, 7r^y7y4 
tyyy-'ryT.mmrz. v-^2 9A, 30AOia 

[0 10 9] CcD?g2'|gJlWWP£0 1 5&O'0 1 6 

%#BaLTSiw-r5 0 01 satfHi 6coi)ffti, 02 

cQfjmcW'y V*:- F^P^fcW^TfeO, 77^> 
3 0 01 sOy^vT'fcfc^T, 0 2coxf-'y7 p (cWtC 

[0110] II 5fcfcl#*T. ^7/101-104 
Uf-*;H 2*«BU 77*-fffi77^/yFv- 

7 2 7M'2 8 coes^^n^n r a bamr 1 9 & tf 2 

0tCT^mi-?.o Xf'vT'l 1 5t'7 7^>t- 

F 1 5 ■< -y 7 F £ <D E % <b fr~ H %MtRt 5. 



;) MfISI¥ 7- 1 7 6 4 6 8 

30 

mmm m>b i k 2 2 c^lt^u 

[0111] 77^yt-Fffl2n5fc- 0 1 5C0 
7x>y7l 0 5-1 1 3#3lff2tt, ffla©a<tt»« 
77^>77^^> hv-7fc*BW>»Pv-7fc%fili 
o fc Uf- * ;U7 v 4 * y h &tf7 7 4 7 7 5 * > F «0 

T, Xr-y7l 1 4T\ Uf-^/H 2±0*fffi«5R±K 
13^ T , **<0<itg(c S »D 7 r •< >7 v ■< 
2 9 ASt>'3 0 k<D\tW.<D^MWM (IXT. 

?t<46, COUf^/l'ilI±t'7 7Yy77Y^ VF-7 
-929A-29D, 3 0 A~3 0 D<Q^It±<D&JSHit 

^JWBKa^-^RSi:**- ccD&olcLX, 7 7 
-f^^l'^yhW:, Xf77l 1 2, 1 1 3CDSSHI 

[0 112] -7i, Xf771 1 5-e^-<7^€-Ftf 

mwznzt^ mmm\ 6cxf77i 1 %\zwm 

£ 0 fLTXf771 16-11 8tC*3^T, 01 S<D 
30 7-f 7 7*1 0 5~ 1 0 7 fclslUifi^lltT-rSo SD^ 
^^•y^^e-FT-lxf-^^ 1 2±cD 1 #CQ7 ri' >7-7 
^^Vh7-^30A, 2 9 A, TkTJW$'?- / 7Wi.6±. 
CD 1 WcOftipV- ^ 3 6 A , 3 5 A R A SSS^tC 
<fc0ffi?P?U *7 • 7f ^^*077-T^Vh«B3 
4 iaot 1 I<Dl?V-^3 7 A^ffitSo 95 fc* 
Xr-y7l 1 9©?g*T\ R AgH«^T?M^LfcV- 
^7, Rtf*7 • TWTj&StDTvJ* >FSH3 4 T* 
«IWLfcv-^(D{aii**46So 7r-y7l 1 

9tc431/>T, l/f^;H2±077^>77^^yh'7 
40 -*> 3 OA, 2 9 AcD^ffi^nfcfeHtcWb-t, 0 1 5 
cD7r-y7l 1 4t*i6/'c- ; <'-^^Mcr)ffiIE^h9o C 

ntc <t o , ^ v z f T-n-iy-r « 7- 7 

Pl077-Y>77'l'^yh ; e-F »li a i: (5 1£ I^S® 

[0 113] Xfy71 2 0K6^T, XT7 7 

T, (^(9) cD6{@CD^/^^-^ (R x, Ry. 
0, eo. Ox, Oy) CD^CO, #-7 + +y75lo]'0{g^ 
50 MR x, D-f->3>9> W*7t7h0x, Oy 
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fcjRas. W^Wtti, isi 3 (a) &rs (c) (C/i'^TJ; 

aiLfcP 1 ?-^ 5 A, 3 6 ktDXfim (# 
7-^»2 9AW, 3 
0 A W«X"//h'i]CDllVlKi i:<D?&fr>bJI : -X*-V >/j|n]OfS^ 
81% R x £>R463„ itifc. P7- * 3 5 A , 3 6 A<D 
YTvIh] (X+^y/JlMl) OfflBBI'tli:. v-*»2 9A 
W, 3 0AWOY#fc©{MW*ftfc©*S, &tfv--7fia 

x . 0 y li SS^v- -7 t uf-7 ;U<DV- ^ IS i: (D¥-KDW 

[0 114] 4*5, CO^'y^-FT'^ IH-WW* 
£ 1" 3 v- * « U*- * t IS^V- * fi 6 1PJ] t T 2 US 
f"3T*5ft», (»9) ©6ffl©3g*/<7^-*OI*i 
£D4<I^&^7*-#Lfri£&3ci:#T't4</\, ; £- 

4*5, (5'U(fE]4<DY/J|n](CM/u/c2fl(D7r-l' 
yJUty hV-^ 2 9 A. 2 9D, &UEI8 (c) 
<D 2 fiOft^V- y- 3 5 A . 3 5 D ZttWtifktWRt 
&Zt\c£r>, immwfcmWM R y fc#«>S C t 

[0 1 1 5] % LT\ Xf7^1 2 OT'jRfeP) tlltft X 

*+yfiiBi0fiW8R x, o-f->3>e, JkXJ* 

7-fe-y FOx, OytcS-D'^TUf-^^T^-f^O hA^ 

KJtT 5&v-^©WjfliJffl<D-f n^^ox- 7;wc % 
[0 l l 6] X7-y7°l 2 nc43t>T, SJpy- 

^ 3 5 a , 3 6 k<D^m.mmm\m t mw?- ^37 30 

a ol+ilJtt i: o T ^-x v ■< y ttifflfcfr -5 , c © £ 
-H^Htf uruf-^^ 1 2<7vs*-><oraiM#. ("^ 

iBi^Xrt'-T'-y hT-aoSSWfiKXU-y hX 
[0 117] £RW<D%i3mMW<c-oZ 0 1 7(D 

7P_^- + -h^BaLTSiwr5o c«^3^»] 40 

x; NfcSftfcfr ? »K . ±M<0 £ Y >y -7 F T U-f 7 
;l/7^/ y h i^-x^-ryfWfJi^-r? t><DX'& 

2<D^9-yzm%.mKt&%'£;<Dmi't<D-mtkm 1 7 

[0 118] ft-f> 01 7<DX7-y72 1 1 fcfe^T, 
Sij{CffifflLfcUf-f 1<DU7^ 1 2(c$c$LT 

»fcfttt#IJI!i6S*i4« JlORWcttHl 5 0>Xf-y7l 50 



WUB¥ 7-1 7 6 4 6 8 
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0 1 - 1 0 4&t>* 1 1 5, MtfKHSI 1 6<7)Xt -y7 1 1 
6-12 ^^'V^t-KOUfW^^ 

X7-y72 1 2-C«NK*/J)WfBi:UT, ^ tcL/ 

■eicailJtrSfx^CftR^BlSl^ X7-y7°2 1 3T- 
i)iA?9x/^f- y'4 ±lca- Ft" ^Sc flb> Txf 
•y7°2 1 3T'K»«:i«}t*nfcf X/^«Si:tK{±*«) 

[0 119] ^IfC, XT772 1 4T«N^01?fci) 

=f- x -y ^ ^ff -5 ^ •< 5 y ^*T-fc5 if 5 A^^H^ "o tl, 
&«NtfO«k»3*£^t!S£tt*x>y , /2 1 5T«N 
i%K»LTXf7 7'Z 1 QlcWiitZo ccoxr 
y7°2 1 6t'li. Bl 1 3CD*7 • 7 yv '7.75^75 "Y 
p< V h 3 4 Xti T T L 7i iKO 7 X/ \7 7 -< * > h 
%rffl^T'7XM(7)77'l'^y h*fTofclft, 9XM<DS 
•>3 7 l-iifiiScl^v-;U 1 2<D/^-y^S)1£Sti5o 
^ (ll^ttfJ) cD^x/WDSfttfUT-f 3£> ^<^> 

uf-^;n 2fcn-r?)ii7 1 dxga«i7-r?>^ ^<o7 

3 (C R o T»it»[»© "> x/ n©7 y P - F &t>*«rfc4 9 
x/MOO-FAWSo *0®9tttltXTV72 1 4 

[0 12 0] Xf7 7"2 1 4T?N = 0. EP^Uf- 

^ ;b7 7 -Y ^ y h &t>"^- X 5 ■< y f- x -y 9 Srff 5 ^ 
= y^"T-fc3il&(ctiXr-y72 1 7{c*5^TUf-^^ 
1 2cDlHlfe|SMRt>'fg*^S'0l+« l J*' ! tT^n?> o zmt 
m\ 6<DX7'y7l 2 OfcPltUTfeSo X7-y 
72 1 8{C^liL> CCT'*7 • rti/Tj&JDTvJ 
^yhSH3 4 (F I Aft3*?M SZ%ts77-(*yY 
I A3t*3R5 2^#tJ27tm z F»77Y^yh 
77^(07x/N7^Y^y MS) «X77|6]&y'Y73[6lO^ 
-X^Y^fx'y^WtinS. ^(Dtt, X7-y72 1 
9T*$»Nfc Lt^^-X7Yyfi7^5:fi 5f T* 
tcS) , d1-?.7x/ACD«(l!(^l$^LT^?., ftfftt^f-y 
72 l 6tcS5o 

[0 l 2 l] ccoi^tc, *Hfliffl|(cJ:ntf, V^-^H 
Zx&t&niCs U^ZfrT^JtV hSt>"^-X7Y 
y|+iiij^t79 f i ff^fe^ , 7x/Nti:S7 l 6 ; &?T9S 
(c ^ Y -y ^> F T ^ 7 ;U7 5 Y * y V v 
-YylWfctTo-cvSfcik i«^7;b-7-y K'#7x 
/Nil >»fcO**i^*>H*IIK*JSii>* 

[o 1 2 2] $fc. ±a*flg^W±^9 • 7^yx 

77^ 7 5 f / y b B#<9^- 7 v Y y fffiJ tOVTUiW 
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